Titre : Etude des exigences physiologiques du Hurling

Mots clés : Sport collectif, course rapide, distance de sprint, positions, décroissance temporelle Le hurling est un sport national en Irlande Avec quinze joueurs par équipe, le but est de marquer plus de points que son adversaire. Les exigences de ce sport sont mal connues. Une analyse des cycles d'activités des joueurs de hurling a été réalisée à l'aide du logiciel SportsCode, pour quantifier les cycles avec la balle en jeu (BIP) ou hors-jeu (BOP), ainsi que le nombre et le type d'arrêt. Les variables liées au déplacement (distance totale et relative, distance parcourue à différentes intensités, nombre et longueur des sprints, nombre d'entrées et intensités relatives maximales) ont été collectées à l'aide de GPS. Les données de fréquence cardiaque (pic [HRpeak] et moyenne [HRmean]) ont été enregistrées. Le ballon n'est en jeu que pour 40%, 43% et 44% du temps de jeu total en senior, U21 et U17 respectivement. La durée réelle des matches des seniors est 11 min plus longue, mais aucune différence dans le temps total de BIP n'est observé entre les niveaux. Les Shot at Goal et Free Attempted sont le type d'arrêt le plus fréquent et le plus long, à chaque niveau. Les joueurs élites couvrent une distance relative et une distance de marche relative plus grandes et affichent une HRmean plus élevée que les joueurs sub-élites. Il n'y a pas de différence en pour les distances relatives de jogging, course à grande vitesse (HSR) et sprint (SD) et le nombre d'entrées HSR et sprint. Les joueurs élites seniors couvrent une plus grande TD, HSR et SD par rapport aux U21, U17 et seniors sub-élites. Cependant, le nombre de sprints, leur durée moyenne, la vitesse maximale, HRmean et HRpeak sont similaires quel que soit le niveau. Au niveau senior élite, la majorité des sprints sont < 20 m et entre 22 km•h -1 et 80% de leur vitesse maximale. Les joueurs seniors élites sont exposés à des intensités maximales relatives plus élevées pour TD, HSR et SD que les données soient exprimées par mi-temps ou match complet. Quel que soit le niveau, des différences entre les positions sur le terrain sont visibles pour TD, distance relative, HSR et SD, mais pas pour HRmean et HRpeak, sauf chez les seniors élites, où les demidéfenseurs ont une HRpeak moins élevée que les défenseurs. Lors de la seconde mi-temps, TD, distance relative, HSR, HRmean et HRpeak diminuent toujours. Les résultats des sept études ont montré que les matches de hurling consistent en un grand nombre de cycles courts (< 30 s) de BIP et de BOP. La similarité dans les BIP totaux, le nombre et la durée des arrêts met en évidence des points communs entre les niveaux. Cependant, lors du passage vers le niveau senior élite, les joueurs doivent couvrir un plus grand nombre de TD, de distances relatives, de HSR et de SD. Le nombre et la durée moyenne des sprints sont similaires pour les élites seniors, U21 et U17, ce qui souligne leur importance. Même si les intensités maximales relatives (TD, HSR et SD) n'apparaissent qu'une seule fois lors d'un match, les joueurs doivent s'y préparer à l'entraînement. Les demi-arrières, les milieux de terrain et les demi-avants doivent s'entrainer plus car ils couvrent un plus grand nombre de TD et une distance relative plus élevée. Tous les joueurs peuvent effectuer un entraînement en sprint similaire, car il n'y a que des différences minimes entre les positions et niveaux (élite senior, U21 et U17 et subélite). La majorité des variables diminuent en seconde mi-temps. Des stratégies nutritionnelles et tactiques de changement de position et de joueurs peuvent être mises en oeuvre pour minimiser la baisse des performances en seconde mi-temps. Cette thèse donne des informations essentielles sur les exigences des matchs seniors sub-élite et élite, U21 et U17. Elles peuvent être utilisées par les entraîneurs pour comparer les performances de leur propre équipe à ces normes et aider à la conception de programmes d'entraînement appropriés permettant de maximiser les performances des joueurs en match.
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Definition of Terms

Shot at Goal

Any strike that ends in a goal, point or wide Free A foul that is awarded, when taken remains in play Free Attempted A foul that is awarded when taken ends in a goal, point or wide

Sideline

The ball travels over the playing boundary at either side of the field Throw-in Referee stops play for an injury or when a player accidentally falls near the ball and is in danger of being struck with a hurley. The Gaelic Athletic Association (GAA) is the national governing body responsible for organising games such as hurling, Gaelic football, rounders, handball and athletics. Hurling is an invasion-type team sport played with a stick (hurley) and ball (sliotar). The stick is made from an ash tree and the ball made with a corked core stitched in leather (diameter 69 -72 mm, weight 110 -120 g), respectively [START_REF] Blake | Epidemiology of injuries in hurling: a prospective study 2007-2011[END_REF]. The game takes place on a grass surface (145 m x 90 m), which is 40% larger than a soccer pitch (Reilly and Collins, 2008). Located at both ends of the playing area are a set of goalposts with a crossbar similar to ones found in Rugby. These goalposts provide a target for players to score. A team is awarded a goal (3 points) or a point (1 point) for striking the ball under or over the crossbar, respectively. The aim of the game is to outscore your opponents within the time allocated (70 min: elite senior, 60 min: sub-elite senior and elite U21 and U17). All players participate at club (sub-elite) level and based on their sub-elite performances can be selected to represent their county (elite) team.

The unique aspect of the GAA is that it only permits players to represent their team from where they are born. Each team consists of 15 players: 1 goalkeeper and 14 outfielders. The outfield positions are divided into five lines (Figure 1.1): full-backs, half-backs, midfielders, halfforwards and full-forwards. In each line, there is a convention of person-person marking, where the attackers' role is to evade the defenders' area and score, while the defenders attempt to prevent scores and set-up attacks. The midfielders' act as a link between defence and attack (Collins et al., 2018). Each team are permitted to use an additional five substitutes at any stage throughout the game. Although the game of hurling is amateur, elite senior hurlers train up to five times a week (2-3 field sessions and 1-2 gym sessions). Elite senior hurling teams compete for National League (January -March), Provincial (May -July), and All-Ireland championships (July -September). Hurling is a fast and skilful game, which challenges the players to possess a high level of coordination to control the ball and perform hurling specific skills (Reilly and Collins, 2008).

In elite senior hurling, research showed that the three most important skills were lifting the ball from the ground to gain possession, running four steps while in possession and striking the ball from the hand (Gilmore, 2008). In addition, the players' ability to catch the sliotar is a critical skill in gaining possession. Whereas, the defensive skills of blocking or hooking an opponent's hurley are required to prevent scores and regain possession of the ball. Players are only permitted to hold the ball in their hand for a maximum of 4 steps before releasing possession (striking, kicking or hand-passing the ball) or they can maintain possession by running with the ball on the hurley (solo-run) for an unlimited amount of time [START_REF] Blake | Epidemiology of injuries in hurling: a prospective study 2007-2011[END_REF]. However, opponents are permitted to knock the ball off the hurley within the playing rules (without making contact with their hurley). These skills illustrate that players gain and release possession regularly (Clear, Hughes and Martin, 2017) throughout the game. Shoulder to shoulder physical contact is also permitted. Early forms of time-motion analysis methods used notational analysis to describe the matchplay profile of competition [START_REF] Reilly | Motion analysis and physiological demands[END_REF]. These methods were time-consuming and expensive.

However, the introduction of Global Positioning Systems (GPS) has provided a more timeefficient method of quantifying the running characteristics during matches (Cunniffe et al., 2009; Malone, Solan and Collins, 2017; Collins et al., 2018). The GPS units are worn by the players between their shoulder blades in a specially designed sports vest, which provides a noninvasive method of recording valuable data during training and matches. The evolution of GPS technology has seen an increase in accuracy due to the higher sampling rate [START_REF] Portas | The validity and reliability of 1-Hz and 5-Hz Global Positioning Systems for linear, multidirectional, and soccer-specific activities[END_REF]. In addition, GPS data can now be transmitted live to the coach, who then can make realtime decisions based on the players' running characteristics. Sports scientists and coaches have used heart rate (HR) as a method to profile the internal performance during matches and training (Collins, Doran and Reilly, 2010;Cullen et al., 2017;Malone and Collins, 2017a).

Players wear a HR monitor around their chest against their skin during activity. The HR data is transmitted to the GPS unit where it is stored and can be downloaded afterwards, or the data can be sent live to the coach.

A comprehensive analysis of the physical demands of team sports has provided coaches with valuable information regarding the distances and intensities performed during match-play [START_REF] Wisbey | Quantifying movement demands of AFL football using GPS tracking[END_REF][START_REF] Hoppe | Match running performance and success across a season in German Bundesliga soccer teams[END_REF]Malone, Solan, et al., 2016;Collins et al., 2018). This information can be used to design and monitor the players' training content from session to session and from season to season. However, such details about the match-play demands of hurling are limited. The only study available focuses on elite senior hurling (Collins et al., 2018). No data is currently available that describes the physical demands of competition for elite U17 or U21 matches. Similar to Gaelic football (Cullen et al., 2017), soccer (Mendez-Villanueva et al., 2013; Goto, Morris and Nevill, 2015), and Rugby Union [START_REF] Cunniffe | An Evaluation of the physiological demands of elite rugby union using global positioning system tracking software[END_REF], senior hurling (Collins et al., 2018) matches consist of distances covered across a variety of intensities (walking to sprinting). On average, senior hurlers covered 7617 m with 15% and 4% covered at high-speed running (HSR) (≤ 17 km•h -1 ) and sprint distance (≤ 22 km•h -1 ), respectively (Collins et al., 2018). To the author's knowledge, only one study has reported the HR values within a hurling match, and only one game was used in the study (Collins, Doran and Reilly, 2010). Results showed that the mean maximum HR (HRpeak) was 194 + 3 b•min -1 .

The match HR ranged from 100 to 197 b•min -1 , and the mean HR (HRmean) was 83% of HRpeak (Collins, Doran and Reilly, 2010). Running characteristics in hurling was also shown to deteriorate as the match progressed, with HSR distance lower in the second quarter compared to the first, and the fourth quarter lower than the third. However, HSR was the only metric analysed between playing halves. The between-half total sprint distance, number of sprints and the mean length of sprint are not known at senior, U21 and U17 level. Hurlers' HR values (HRmean and HRpeak) were also found to decrease in the second half (Collins, Doran and Reilly, 2010). Positional differences are observed in senior hurling with midfielders being the highest performers (total distance [TD], HSR and sprint distance). Notwithstanding, no positional differences have been reported for average speed, the number and length of sprints and HR for elite hurlers.

Training for team sports can be placed in an ergonomics context, where the players must possess the necessary fitness to cope with the demands of the game [START_REF] Reilly | An ergonomics model of the soccer training process[END_REF]. The on-going challenge for coaches is to identify the players' weaknesses so that they can prepare them for competition. Otherwise, the player may be replaced or removed from the squad. In addition, team sports like hurling require several individuals to combine their efforts so that the group becomes stronger [START_REF] Reilly | An ergonomics model of the soccer training process[END_REF]. Therefore, the role of positions must be known so that training can be specifically tailored if necessary. However, if the demands of the game are relatively unknown, as is the case in hurling, players may be underprepared for competition.

Currently, sports technology in the form of GPS and HR can provide valid and reliable data so that the physical and physiological demands of hurling can be quantified.

Significance of the Research

In the current literature, numerous researchers have highlighted the importance of assessing the match-play demands of invasion games (e.g. Gaelic football, soccer, Rugby Union, Rugby League and Australian football) (Gabbett, The literature presents numerous research publications, which describe the match-play demands of team sports. There is a severe lack of research, which describes the competition demands of hurling. No evidence is available that details the playing demands at U17 and U21

level. An increased understanding of the match-play demands of hurling competition would assist those responsible for the development of appropriate training loads to prepare the relevant players for their competition and assist in the long-term progress of these players as they move from U17 to U21 to senior level.

To design appropriate training programmes, the coach needs to be aware of the specific match demands, that are placed upon the player in competition (Veale and Pearce, 2009b).

Firstly, knowledge about the duration demands of competition is required so that coaches understand how long and how often the players will be engaged in the game. Previous studies in hurling (Collins, Doran and Reilly, 2010), Rugby Union [START_REF] Pollard | The ball in play demands of international rugby union[END_REF] and Rugby

League (Gabbett, 2012a) and have assessed the total duration demands of competition and further analysed the time that the ball is in-play and out-of-play. However, the one hurling study that assessed the duration demands was published in 2010 and only focused on the senior level. Currently, no ball-in-play (BIP) and ball-out-of-play (BOP) (number of cycles, duration, and type of BOP stoppage) data are available at U17, and U21 competitions, not even a direct comparison between levels have been performed. In addition, no data exist to quantify the "worst-case" time durations of play at U17, U21 and senior level. Research that quantifies the differences in BIP and BOP of each competition would provide a better understanding of a potential gap between levels and further aid the development of game-specific activities (Gabbett, 2015a). Furthermore, knowledge of the "worst-case scenario" passages of play would assist coaches to condition players to undertake these maximal durations that occur in competition.

Global Positioning Systems and HR technology have recently been used to quantify the players' training and match-play loads (Collins, Doran and Reilly, 2010; Malone, Collins and Doran, 2016; Collins et al., 2018). Only one study has assessed the match-play demands of hurling, but only focused on senior competition (Collins et al., 2018). It must be noted that this study (Collins, Doran and Reilly, 2010;Collins et al., 2018) used 4 Hz GPS units to collect their data. It has been reported that 1-to 5-Hz GPS units may lack the sensitivity to quantify changes in high-speed movement compared with 10-to 15-Hz (Jennings et al., 2010). In addition, this study failed to include the number of sprints and the mean length of sprint. The conditioning of players should rely on evidence-based research that quantifies the physical match requirements (Veale and Pearce, 2009b). Previous studies have shown differences in match-play outputs between youth and adult level players in team sports such as Gaelic football (Reilly et (Goto, Morris and Nevill, 2015). Even though the match-play running and HR performances are described for senior (Collins, Doran and Reilly, 2010;Collins et al., 2018) hurlers, currently, there are no data available to inform coaches of the match-play demands at either U17 or U21 level. Indeed, under-age (U17 and U21) elite squads compete for their respective championships and are also seen as a stepping-stone to be selected and to perform at elite senior level. Given the limited match-play knowledge available in hurling, the running characteristics of under-age hurling have been interpreted from senior matches and even from other field games (Collins et al., 2018). Therefore, players may be inadequately prepared for senior competition and underage players that are exposed to training derived from senior practices may be overloaded.

Increasing the knowledge of the match-play performances will assist coaches in identifying the movement requirements necessary to perform at the desired level and highlight the demands required to move up into older age brackets (Palucci [START_REF] Vieira | Match Running Performance in Young Soccer Players: A Systematic Review[END_REF].

The total accumulated distances and HR have been used to provide a global indication of the match-play demands. An analysis of how these metrics change as the game progresses could indicate the most demanding periods of play [START_REF] Malone | Duration specific Running performance in Elite Gaelic Football[END_REF]Collins et al., 2018). Temporal decrements in running characteristics exist within team sports, with both low-and high-intensity movements being reduced from first to the second half (Carling and Dupont, 2011;Jones et al., 2015;Malone, Solan, et al., 2016). Presently, temporal decrements in running characteristics are reported for senior hurling (Collins et al., 2018).

However, the work-rate of elite senior hurling match-play study only included temporal decrements in HSR (Collins et al., 2018), yet the between-half total sprint distance, the number and length of sprints are not known at senior level. In addition, no data are currently available to describe the temporal decrements for U17 and U21 hurlers. Knowledge of the temporal decrements may inform conditioning practices to help minimise the drop-off between halves and may help in the timing of substitutes.

Positional differences in the match-play running characteristics have been found in other team sports (Coutts et al., 2010;Carling and Dupont, 2011;Jones et al., 2015).

Differences in TD, HSR, sprint distance and the number of accelerations were observed between positions in elite senior hurlers, with midfielders undertaking the highest running characteristics (TD, HSR, and sprint distance) compared to backs and forwards (Collins et al., 2018). Notwithstanding, no positional differences have been reported for average speed, the number and length of sprints and HR for senior hurlers. Consequently, quantifying these additional running and HR performances can provide a more detailed profile of the match-play positional differences in senior hurlers. Again, no positional running or HR data are currently available for U17 and U21 players. Considering that players are not permitted to transfer between counties, this emphasises the need for the development of players within each county to carry out position-specific roles. Providing coaches with the knowledge of the positional playing demands will assist them in developing progressive, long-term training programmes, which may facilitate the progression of players from U17 to U21 to senior hurling.

At the elite level, the margins between teams are so fine that each team is seeking out a competitive advantage. It has been suggested that games could potentially be decided on occasions where repeated sprinting is required [START_REF] Spencer | Time-motion analysis of elite field hockey, with special reference to repeated-sprint activity[END_REF][START_REF] Schimpchen | Are "classical" tests of repeated-sprint ability in football externally valid? A new approach to determine in-game sprinting behaviour in elite football players[END_REF].

This repeated-sprint ability has been assessed in soccer (Buchheit, Mendez-Villanueva, B. M.

Simpson, et al., 2010; Schimpchen et al., 2016) [START_REF] Padulo | Repeated sprint ability related to recovery time in young soccer players[END_REF], Rugby League (Gabbett, 2012b) and hockey [START_REF] Spencer | Time-motion analysis of elite field hockey, with special reference to repeated-sprint activity[END_REF] but it is yet to be described in hurling. Although previous research in senior hurling has provided valuable information about the match-play running demands, details which describe the sprint profile of players is limited to total sprint distance (Collins et al., 2018). No research to date in senior hurling has provided information about the specific sprint demands of competitive match-play. It has been proposed that a focus only on total sprint distance does not provide sufficient information about the physical demands in team sport due to the intermittent nature of match-play [START_REF] Schimpchen | Are "classical" tests of repeated-sprint ability in football externally valid? A new approach to determine in-game sprinting behaviour in elite football players[END_REF].

Additionally, given the dynamic nature of team invasion games, players may have to reproduce peak speed or near-to-peak speed sprints over various distances interspersed with various recovery periods [START_REF] Schimpchen | Are "classical" tests of repeated-sprint ability in football externally valid? A new approach to determine in-game sprinting behaviour in elite football players[END_REF]. Consequently, an in-depth analysis of the sprint demands in hurling should consider the number of sprints over different distances and different durations, as assessed in soccer ( (Gabbett, 2012b) and hockey [START_REF] Spencer | Time-motion analysis of elite field hockey, with special reference to repeated-sprint activity[END_REF]. In addition, describing the intensities of sprints, starting from the lowest sprint threshold (22 km•h -1 ) up to the players' peak speed would provide coaches with specific details of the very high-intensity demands of hurling competition. Currently, there is no detailed sprint analysis data available for senior hurlers, which can inform coaches about the number, the lengths, the duration of sprints, the duration between sprints, the number of repeated-sprint bouts and the range of speeds achieved during sprint efforts. In addition, no information is available about the differences in sprinting demands between halves and between playing positions. The lack of specific match-play sprint demands makes the design and application of match-and position-specific sprint training programmes difficult.

Hurling has been described as a game that involves periods of high-intensity efforts (Collins et al., 2018). Previous hurling research has reported the total game demands over the full duration of the game. Although limited data is available per quarter of the game, this may still fail to account for the most intense periods of play or "worst-case scenario" periods (TD, HSR and sprint distance) that occurs during match-play. Given that average speeds are used to determine training content, these activities may be under preparing players to complete these "worst-case scenarios" of match-play [START_REF] Delaney | Peak running intensity of international rugby: Implications for training prescription[END_REF]. Previously, quantifying the match-play demands relative to the match duration underestimates the most intense periods during team invasion sports [START_REF] Delaney | Peak running intensity of international rugby: Implications for training prescription[END_REF][START_REF] Malone | Duration specific Running performance in Elite Gaelic Football[END_REF]. The use of a rolling average method, where the distance covered in set intervals from every time point sampled during each half, could be a more appropriate method when quantifying the running intensity periods in team sports [START_REF] Delaney | Peak running intensity of international rugby: Implications for training prescription[END_REF]. However, to date, no research has reported the specific "worse-case" peak demands of hurling players during matches.

Without this information, coaches may be under preparing players for the competitive demands of senior match-play.

Aims of the Thesis

Aims and Hypothesis

The overall aim of this doctoral thesis was to investigate the match-play demands of hurling. Time-motion analysis in the form of duration, running and HR have been previously used to investigate these match-play differences in other team sports [START_REF] Cunniffe | An Evaluation of the physiological demands of elite rugby union using global positioning system tracking software[END_REF]Gabbett, 2015b;Malone, Solan, et al., 2016). The present thesis specifically investigated the duration demands of elite hurling (U17, U21 and senior) match-play and the running and HR performances of elite (U17, U21 and senior) and sub-elite (senior) hurlers during competitive matches. Furthermore, the sprint demands and the maximal intensity periods in elite senior hurling were investigated. The specific aims of the original studies included in this thesis were: I.

To investigate the ball-in-play (BIP) and ball-out-of-play (BOP) differences between elite U17, U21 and senior hurling matches HØ1: It was hypothesised that meaningful differences would exist among playing levels for the duration and number of BIP cycles and the number, type and duration of BOP cycles.

II.

To describe the differences in the external and internal loads between elite and sub-elite male senior hurling match-play and across halves of play HØ2: It was hypothesised that the external and internal loads would be higher at an elite level and would decrease between halves at both levels.

III.

To quantify the match-play workload in elite male under 17 hurlers, measuring the differences between first and second half and between positions HØ3: It was hypothesised that the physical and physiological demands would decrease between halves and would be position specific.

IV.

To examine the physical and physiological demands of elite under 21 male hurling match-play across halves of play and between positions HØ4: It was hypothesised that the physical and physiological demands would decrease between halves and would be position specific.

V. To examine the temporal differences in match running characteristics and heart-rate in elite senior hurling players between halves of play and field positions HØ5: It was hypothesised that both match-play running and HR values would decrease between halves and would be position-specific.

VI.

To examine the sprint demands of elite male senior hurling match-play across halves of play and between positions HØ6: It is hypothesised that the sprint metrics would decrease in the second half and there would be a difference between positions VII.

To describe the duration-specific running intensities of elite hurling players during competition with respect to position using a rolling average method.

HØ7: It was hypothesised that the peak relative running periods would be higher than previously reported and would be position specific.

Introduction

The following review of the literature will provide a background on match analysis and an overview of various methods that are in use to investigate the external and internal performances during match-play. Due to the limited number of studies in hurling, several other team sports have been included. The literature review will describe previous studies investigating the physical and physiological demands of match-play. Firstly, an overview of hurling is presented, followed by a description of the players who play hurling. The next section reviews the various methods of analysing matches, including computer and GPS analysis.

Specifically, an overview of the metrics that can be used to quantify the external (TD, average speed, the intensity of movement, HSR and sprint distance) and internal (HR) performances are described. Furthermore, attention will be provided to the differences between playing halves, playing positions and playing levels.

The Background of Hurling

The Gaelic Athletic Association (GAA) is the governing body responsible for the organisation of hurling, Gaelic football, rounders and handball. The GAA founded in 1884 (Hayes Hotel, Thurles) in an attempt to differentiate traditional Irish past times from games (association football: soccer, cricket, hockey, and rugby union) promoted by the British army, which ruled Ireland at the time. These sports were banned for members of the GAA, a ban that extended to spectators and officials as well as players until rescinded in 1971 (Reilly and Collins, 2008). The GAA currently has the largest playing population of all sports in Ireland with over 2500 GAA clubs currently in existence. These clubs are located in rural and urban areas and form the centre of the community. This entwined nature of the community and sense of belonging to the local area is a crucial strength of the organisation. The location where the player's family are living when he is born, dictate what club he will join and represent for the rest of his playing career. There is, of course, an odd exception to the rule where a player may move to the other end of the country (e.g. work related) and transfer to another club, but this is rare. The pride and sense of representing your local community against neighbouring parishes have helped to maintain the strength of the club, especially in rural areas where populations maybe small. The club is the basic unit of the GAA. These clubs are governed by county boards, which in turn are governed by the national association, the GAA. The number of clubs can vary between counties depending on the county's boundary lines. Each county board are responsible for organising games for clubs (sub-elite) at various playing levels (adult [senior, intermediate, junior], adolescent [U17 -U21] and juvenile [U12 -U16]). Players can be selected from their clubs to represent their county (elite) team from 13 years of age. However, the first official elite Provincial and All-Ireland Championships start at U17. Before this, counties participate in blitz format competitions. Similar to the "parish" rule at club level, players can only represent the county where they were born. Given that players are not permitted to transfer between counties, this emphasises the importance of developing players through the various ages and prepare them for senior competition where the games have the highest spectator attendances. These elite senior competitions attract large attendances of up to 82,200 for the All-Ireland semi-finals and final. People travel from all over Ireland and abroad to support and watch the best players perform for their county against other counties.

The Game of Hurling

Hurling is an invasion-type team sport played with a stick (hurley) made from an ash tree and a ball (sliotar) made with a corked core stitched in leather. The aim of the game is to outscore your opponents within the time allocated (70 min: elite senior, 60 min: sub-elite senior U21, U17). Located at both ends of the grass playing area (145 m x 90 m) are a set of goalposts with a crossbar, which provides a target for players to score between. A team is awarded a goal (3 points) or a point (1 point) for striking the ball under or over the crossbar, respectively. Each team consists of 15 players: 1 goalkeeper and 14 outfielders. The playing positions are divided into five lines (Figure 1.1) and identified as full-backs, half-backs, midfielders, half-forwards and full-forwards. In each line, there is a convention of person-to-person marking, where the attackers' role is to invade the defenders' area and score, while the defenders attempt to prevent scores and set-up attacks. The midfielders' act as a link between defence and attack [START_REF] Collins | The Work-Rate of Elite Hurling Match-Play[END_REF]. Each team are permitted to use an additional five substitutes at any stage throughout the game.

The sliotar can travel at speeds up to 160 km•h -1 and distances of > 90 m after being struck with the hurling, which creates a very dynamic game as the ball can travel from one end of the playing area to the other very quickly (Reilly and Collins, 2008). This challenges the players to possess a high level of coordination to control the ball and perform hurling-specific skills (Reilly and Collins, 2008). In elite senior hurling, research showed that the three most important skills were lifting the ball from the ground to gain possession, running four steps while in possession and striking the ball from the hand (Gilmore, 2008). In addition, the players' ability to catch the sliotar is a critical skill in gaining possession. Whereas, the defensive skills of blocking or hooking an opponent's hurley are required to prevent scores and regain possession of the ball. Players are only permitted to hold the ball in their hand for a maximum of 4 steps before releasing possession (striking, kicking or hand-passing the ball) or they can maintain possession by running with the ball on the hurley (solo-run) for an unlimited amount of time [START_REF] Blake | Epidemiology of injuries in hurling: a prospective study 2007-2011[END_REF]. However, opponents are permitted to knock the ball off the hurley within the playing rules (without making contact with their hurley). These skills illustrate that players gain and release possession regularly throughout the game (Clear, Hughes and Martin, 2017).

Hurling is played at both inter-county (elite) and club (sub-elite) level. The first All-Ireland hurling final dates back as far as 1888. Today, the competitions are graded on the strength of the teams competing in them, with relegation and promotion between competition levels taking place annually. Ten teams compete for the Liam McCarthy Cup. This is the highest level of competition for senior hurlers and attracts the largest number of spectators to the games. The rules of the GAA strictly promote the amateur status of the organisation, which includes no financial fees for players. Even though the games are amateur, significant financial resources are dedicated to the preparation of the players for competition. Each county has several people with expertise in their backroom team (hurling coaches, strength and conditioning coaches, doctor, physios, masseurs, video analysis, sports nutritionist) with the focus of assisting players in performing to their highest potential during competition. Once players reach 16 years of age they are eligible to be selected on the elite U17 squad, which will compete for Provincial and All-Ireland Championships for the first time.

Players

During these adolescence years, significant changes are still occurring within the players' body. Physically, teenagers' physiological and training responses can vary greatly during these years (Henderson et al., 2015). Therefore, tracking of peak height velocity (PHV)

and designing progressive programmes are important so that players can be appropriately loaded during this time. Currently, there is no anthropometric data available for U17 and U21 hurlers. However, at senior hurling level (Table 2.1), some differences exist between positions A classical approach in ergonomics is to match the task demands and the capacity of the individual (Reilly, 2010). The world of sport and work have traditionally be viewed as separate domains [START_REF] Reilly | An ergonomics model of the soccer training process[END_REF]. However, with the mass participation in sport and the systematic approach in preparing athletes for highly competitive competitions, there has been an increased emphasis on analysing the stresses that sport imposes on participants (Reilly, 2010). [START_REF] Reilly | An ergonomics model of the soccer training process[END_REF] has proposed that soccer training can be placed in an ergonomics context, where the game can be seen to impose a range of demands and the players must reach the necessary fitness levels to cope with those competition demands [START_REF] Reilly | An ergonomics model of the soccer training process[END_REF]. Identified gaps between the game demands and fitness levels need to be addressed through appropriate fitness training.

Alternatively, the player may lose his position on the team or squad or may need to change playing position for a less demanding one (Reilly, 2010). These options are demonstrated in The Need for Match Analysis

The primary focus of match analysis is to develop an understanding of the sport that can inform the decision making of those who are attempting to improve sports performance (O'Donoghue, 2010). However, the range of benefit depends on the coaches' interpretation of the analysis and the quality of the interaction between the coach and the player [START_REF] Reilly | Motion analysis and physiological demands[END_REF].

There are difficulties facing any single individual attempting to observe, analyse and recall objectively the events occurring in complex team invasion games [START_REF] Nicholls | The observational analysis of elite coaches within youth soccer: The importance of performance analysis[END_REF]. In addition, the speed of the game, the number of players spread across a large playing area and the possible emotional connection to the game may inhibit the coaches' ability to successfully and objectively recollect, analyse, and provide accurate and objective feedback about the sporting performance [START_REF] Nicholls | The observational analysis of elite coaches within youth soccer: The importance of performance analysis[END_REF]. A study of the observational analysis of elite coaches within youth soccer compared the actions observed and analysed by coaches with the actions coded by video analysis, results showed an agreement of only 38.8% [START_REF] Nicholls | The observational analysis of elite coaches within youth soccer: The importance of performance analysis[END_REF]. Specifically, of the six variables analysed, shooting at goal demonstrated the most substantial agreement, whereas short passing produced the smallest.

Furthermore, coaches were more likely to observe unsuccessful actions than successful ones [START_REF] Nicholls | The observational analysis of elite coaches within youth soccer: The importance of performance analysis[END_REF]. The suggested steps within the coaching cycle (Figure 2.2) provide a framework for the coach to observe, analyse, and interpret the completed actions and movements [START_REF] Carling | Handbook of soccer Match Analysis. A systematic approach to improving performance[END_REF]. These actions need to be recorded so that key aspects of the performance can be collected. Equipped with this information, coaches can simulate the game demands of team sports by designing activities that replicate the physiological, skill and decision-making requirements of actual competition [START_REF] Lim | Development of a player impact ranking matrix in Super 14 rugby union[END_REF].

Coaches should then decide to select a method that efficiently records this information.

Methods of Monitoring the Demands of Team Invasion Games

Various forms of notational analysis have existed for many years. Attempts have been made for centuries to devise and develop a system for notating movement. Thousands of years ago, the Egyptians used hieroglyphs to read dance and the Romans employed a primitive method of notation to record salutatory gestures (O'Donoghue, 2010). Historical evidence points to the emergence of dance notation much later in about the fifteenth century. These early systems were primarily designed to record particular movement patterns as opposed to movement in general. Most notational analysis is focused on players' on-the-ball activities and recording teams scores [START_REF] Carling | Handbook of soccer Match Analysis. A systematic approach to improving performance[END_REF]. Coaches and interested spectators can often be seen at matches using this form of notation analysis (e.g. recording types of scores, who scored, wides and frees). However, this type of data only accounts as a record of the event,

and further time analysing this data is necessary to produce information that can be interpreted.

Previous research has quantified sport-specific demands in various ways. One such method is observational time-motion analysis, which involves an individual or research team watching and counting the number of activities during a live performance or recorded video footage [START_REF] Taylor | Activity Demands During Multi-Directional Team Sports: A Systematic Review[END_REF]. The classical method of time-motion analysis utilised a coded map of the playing pitch and cues along each sideline to help estimate distances covered by a player.

Furthermore, these movements were broken down into discrete events and rated according to the intensity of movement (e.g. walking, jogging, sprinting) [START_REF] Carling | Handbook of soccer Match Analysis. A systematic approach to improving performance[END_REF]. While this method is reliable, it is time-consuming and not suitable for real-time assessment [START_REF] Taylor | Activity Demands During Multi-Directional Team Sports: A Systematic Review[END_REF]. The advancements in wearable sports technology have allowed for more time efficient methods to be used, which can inform strength and conditioning coaches about the quantity of the sport-specific demands during matches [START_REF] Chambers | The Use of Wearable Microsensors to Quantify Sport-Specific Movements[END_REF].

Many coaches now appreciate the use of technology as a tool for analysing players' performances in training and competition. The introduction of computerised notation systems has greatly enhanced both live and post-event analysis. These systems allow for immediate access to visual data during a game or post-match review by coaches and players. At present, there are several match analysis and player tracking software systems available to coaches at all levels of sport. These player tracking technologies can be either stadium based (STATS:

formally known as ProZone) or portable (SportsCode and GPS). STATS is a software programme that offers a system for analysing field sports, such as used in Rugby Union and soccer. The distance covered by each player, passes completed, and work intensity are examples of the data that can be collected. The STATS system uses eight fixed cameras placed around the stadium with manual operators. Computer vision technology is used to capture the movements of the players and the ball, but manual coding of events is required to register all the locomotion, skill and tactical activities that occur during the game. Longitudinal analysis is possible using time-motion systems such as STATS.

In contrast, portable systems like Hudl, which is an American based sports analysis company (Hudl and SportsCode) provide software that is capable of coding the events live or post-game captured from a video source (TV camera or post-event from DVD). To facilitate the analysis, a manual coding action takes place by a trained operator. SportsCode's Code Input

Window gives the power to code as little or as much as the operator desires and requires. An impressive coding feature lets the user work quickly by "tagging" the video footage. The analyst edits and codes the game live or post-game with the aid of a laptop-or IPad-based programme. Once the data is coded, it can be easily retrieved from a code matrix database and uploaded online for both coaches and players to gain access to. This access has dramatically enhanced the coaches' skills of analysing the games but also it is very helpful in the feedback of information to the players.

Global Satellite Systems

Global Positioning Systems are another technological method used to assess players' movement patterns in sport. Thus, contributing to the coaches' knowledge of the physiological and movement activities performed during a game [START_REF] Macleod | The validity of a non-differential global positioning system for assessing player movement patterns in field hockey[END_REF]. This satellite-based navigational technology was initially devised for military purposes [START_REF] Cummins | Global positioning systems (GPS) and microtechnology sensors in team sports: A systematic review[END_REF].

GPS satellites that orbit the Earth are equipped with an atomic clock. The satellites first set the clock in the GPS receiver by synchronising it with the atomic clock in the satellite. By calculating the distance to at least four satellites, the exact position can be trigonometrically determined [START_REF] Larsson | Global Positioning System and Sport-Specific Testing[END_REF]. The satellites then regularly send information (at the speed of light) about the exact time to the GPS receiver. By comparing the time given by a satellite and the time within the GPS receiver, the signal travel time is calculated. The distance to the satellite is then calculated by multiplying the signal travel time with the speed of light [START_REF] Larsson | Global Positioning System and Sport-Specific Testing[END_REF]. [START_REF] Aughey | Australian football player work rate: Evidence of fatigue and pacing?[END_REF]. The tracking of an individual requires the player to wear a GPS unit, usually stored within a customisable sports garment and located between their shoulder blades. Depending on the GPS device, the data can be sent live to a laptop or iPad, where coaches can make decisions about the player's load in real time.

Otherwise, the data is downloaded post-event through the GPS manufacturer's software, where it can be stored and analysed. Specific information about each player can be investigated. In addition, the information can be monitored over a period so that changes in external load can be manipulated. Therefore, the accuracy and reliability of these devices used to measure external load are of the utmost importance so that practitioners can determine the player's session-to-session variation in physical activity and confidently determine meaningful changes in load [START_REF] Cardinale | Wearable Training-Monitoring Technology : Applications , Challenges , and Opportunities[END_REF].

Validity and Reliability of GPS

The use of GPS technology has been shown to provide valid and reliable measures of team sports running characteristics [START_REF] Esposito | Validity of heart rate as an indicator of aerobic demand during soccer activities in amateur soccer players[END_REF]Coutts and Duffield, 2010). The accuracy of the data is critical, primarily when it is being used to prescribe, monitor or alter The testing of such GPS units should include the speeds and similar movements performed in team sports. A team based movement circuit was developed to assess the validity and reliability of GPS (Coutts and Duffield, 2010). Specifically, a common GPS unit (STATSports Viper) that is used by professional teams across multiple sports (soccer, Rugby Union and Australian football) was assessed using this team based movement circuit (Figure 2.3). In addition, the GPS accuracy for recording distance was evaluated using the criterion distance of a 400 m athletic track. In addition, the peak speed recorded by these GPS units was compared with those determined by a radar gun (Stalker ATS 2, 34.7 GHz, Dallas, Texas, USA) during a 20 m sprint (Beato, Devereux and Stiff, 2018). The significant findings of this study were that STATSports GPS (Viper) units showed small bias (< 5%) for both distance (400 m linear running, 128.5 m circuit, and 10 m linear running) and peak speed (20 m).

Therefore, data reported in this study supported the validity of these GPS units and reported high levels of reliability (CV), and a small mean of change (test-retest) in every variable (Beato, Devereux and Stiff, 2018). The low errors in TD (circuit laps) and peak speed in this study support the previous findings that showed 10 Hz GPS technology offered greater accuracy and reliability compared with the previous 1-to 5-Hz units (Jennings et al., 2010). However, it must be noted that reliability studies that involve humans are open to some errors (e.g., movement away from the specific course) and this should be taken into consideration (Beato, Devereux and Stiff, 2018). In addition, the inter-unit variability reported across GPS manufacturers may provide issues when comparing athletes' performance over time.

Therefore, a designated unit should be given to each player to avoid inter-unit variation (Jennings et al., 2010).

Assessing Match-Play Demands of Competition

Providing coaches with knowledge about the sport-specific demands of match-play is essential to aid the development of team-based training and to analyse individual performance [START_REF] Taylor | Activity Demands During Multi-Directional Team Sports: A Systematic Review[END_REF]. The development of progressive workloads should be dictated by the competition demands [START_REF] Reilly | An ergonomics model of the soccer training process[END_REF] TD, average speed, intensity of distance (5 zones), HSR (≥ 17 

km•h -1 : m), SD (≥ 22 km•h -1 : m),

Total Distance

In the early applications of motion analysis, it was presumed that work-rate could be expressed as the TD covered in a game since this determines the energy expenditure used [START_REF] Carling | Handbook of soccer Match Analysis. A systematic approach to improving performance[END_REF]. It is common in the literature that the match-play demands are presented as the total or average for the full match or per half ( It must be noted that all sports can vary in the overall match duration. In addition, the duration of the BIP time fluctuates between games due to the unpredictability of time stoppages for scores, fouls, injuries and substitutions (Collins, Doran and Reilly, 2010;Gabbett, 2012aGabbett, , 2015b;;[START_REF] Pollard | The ball in play demands of international rugby union[END_REF]. This makes it difficult to compare the TD figure between sports and among players who may not have completed the same training or match duration. To avoid the issue of differences in match duration, average speed is used. To calculate average speed, TD is divided by the athlete's playing time and presented as a value for the distance covered every minute [START_REF] Whitehead | The Use of Microtechnology to Quantify the Peak Match Demands of the Football Codes: A Systematic Review[END_REF]. This metric (average speed) is a valuable method to compare players who completed the full game with substitutes who have only played some time (Bradley, Lago-peñas and Rey, 2014). Therefore, when assessing the match-play demands, knowledge of the intensity of locomotion are necessary.

Intensity of Movement

The overall distance covered during a game is only a crude measure of work completed due to the frequent changes in activities [START_REF] Reilly | Motion analysis and physiological demands[END_REF]. When evaluating the players' running In hurling matches, the location of the play can change rapidly from end-to-end due to the large distances the ball can be hit (Reilly and Collins, 2008). As individual ball possession is limited and team possession changes very frequently (the majority of possessions did not exceed two passes in hurling) during invasion games (Clear, Hughes and Martin, 2017), it is essential that players can perform these HSR movements. Furthermore, it is suggested that in high-intensity intermittent sports, performance can be enhanced through improving players'

ability to perform high-intensity work repeatedly (Andrzejewski et al., 2015). A number of studies have quantified this high-speed running and sprinting in team sports (Gabbett, 2012b; The developments in GPS software have seen the customisability of speed-zone thresholds in order to describe different locomotor activities [START_REF] Conroy | Unpacking the Black Box : Applications and Considerations for Using GPS Devices in Sport[END_REF]. However, there is no single consensus on how to determine a speed-zone threshold and large discrepancies exist, even within a single team-sport [START_REF] Sweeting | When is a sprint a sprint? A review of the analysis of team-sport athlete activity profile[END_REF]. This raises the practical issue of determining the appropriate speed thresholds for players [START_REF] Conroy | Unpacking the Black Box : Applications and Considerations for Using GPS Devices in Sport[END_REF]. It was previously recommended that sports-specific speed-zone ranges be used, even though comparisons between sports would still be difficult [START_REF] Dwyer | Global Positioning System Data Analysis: Velocity Ranges and a New Definition of Sprinting for Field Sport Athletes[END_REF]). These speed ranges can be classified as either "absolute", where the same speed-zone threshold is applied to all team members or "relative", where the speed-zone threshold is adjusted for each individual. The absolute velocity threshold has been prescribed according to the mean physical fitness scores [START_REF] Vigne | Activity profile in elite Italian soccer team[END_REF] or maximal sprint speed times [START_REF] Hunter | Individualisation of Time-Motion Analysis: A Method Comparison and Case Report Series[END_REF] from normative data sets and apply these thresholds to the full group [START_REF] Casamichana | The use of generic and individual speed thresholds for assessing the competitive demands of field hockey[END_REF].

The application of absolute speed thresholds permits the examination of positional and individual differences over time (Sweeting et However, the limitation of using an absolute speed-zone threshold for high-speed running or sprinting for all players within a team is that it fails to consider their differences in speed [START_REF] Sweeting | When is a sprint a sprint? A review of the analysis of team-sport athlete activity profile[END_REF]. Even though team invasion games are contested at an absolute level, the same external load calculated by a specific threshold can underestimate the physical output when compared to individualised speed-zone thresholds ( Polar introduced an updated monitor (Sports Tester PE 3000), which was equipped with a computer interface. This device was shown to be a valid alternative to the larger cumbersome Holter-monitor for assessing HR in the field [START_REF] Vogelaere | Sport tester PE 3000 vs Holter ECG for the measurement of heart frequency[END_REF]. These wireless HR devices were able to send live HR data to a person's watch, where it could be viewed by the user at any time. However, in contact sports, the wearing of such devices are at risk of being damaged or lost. The advancements in technology have facilitated the HR signal to be sent wirelessly to a laptop computer without the need for players to wear watches [START_REF] Dellal | Heart rate monitoring in soccer: interest and limits during competitive match play and training, practical application[END_REF]. In addition, modern HR technology can simultaneously monitor multiple players' HR.

This is of significant benefit to the coach as they can monitor multiple players at the same time.

The integration of GPS and HR technology have facilitated the capture of both external and internal match-play physical demands within the GPS unit. The data can be downloaded post-game or sent live to the coach during the competition [START_REF] Torreño | Relationship between external and internal load of professional soccer players during full-matches in oicial games using GPS and heart rate technology[END_REF]Cullen et al., 2017). This is of further benefit to the coach, especially in training as the session content can be adapted (reduced or overloaded) based on this live feedback of data (internal and external).

Heart rate technologies have been shown to provide valid and reliable measures of team sports performance [START_REF] Esposito | Validity of heart rate as an indicator of aerobic demand during soccer activities in amateur soccer players[END_REF] Jenkins and Abernethy, 2012), they all showed positional differences in the running demands.

Currently, positional differences in TD, HSR and sprint distance are known for senior hurling match-play (Collins et al., 2018). However, no positional differences have been reported for average speed and the number and length of sprints for senior hurlers. In addition, no positional running data is available for U17 and U21 hurlers. Previous research in team sport has suggested that this data can be used to manage and prescribe position-specific conditioning [START_REF] Lindsay | Positional demands of professional rugby[END_REF], yet without this knowledge in hurling, some players may be underprepared for competition.

Recent studies in field hockey showed positional differences in HR ( 

Maximum Intensities

The analysis of the full game and temporal decrements provides information about the global match-play demands and the difference between playing halves. However, this data is averaged across the full game and each half, including when the ball is in and out of play [START_REF] Johnston | Peak movement and collision demands of professional rugby league competition[END_REF]. Due to the start-stop nature of invasion games, the speed of running during such games has been shown to fluctuate (Waldron and Highton, 2014) 2011). However, analysing the game over predefined periods of play (e.g. 0-5 min, 6-10 min etc.) may fail to quantify the peak period if it falls between two predefined timepoints.

Therefore, this method may underestimate the peak demands of competition [START_REF] Delaney | Establishing duration-specific running intensities from match-play analysis in rugby league[END_REF]. The use of a rolling average method, in which distance covered in set intervals from every time point sampled during each half, could be a more appropriate method when quantifying the maximum intensity periods in team sports [START_REF] Delaney | Peak running intensity of international rugby: Implications for training prescription[END_REF]. Results from professional soccer showed that the peak predefined 5 min periods underestimated the true peak intensity by up to 25% when compared with a 5 min rolling average method (Varley, Elias and Aughey, 2012).

The moving average approach takes the instantaneous speed (m . s -1 ) sampled at a given rate (i.e.10 Hz GPS: 10 instantaneous samples every second) over a set moving average duration. For example, to calculate the peak 5 min period, a moving average of 3000 data points (300-seconds with 10 samples per second) would be calculated from the start to the end of a match, with the highest distance covered identified would be deemed the 'peak' 5 min period [START_REF] Whitehead | Whole, half and peak running demands during club and international youth rugby league match-play[END_REF]. The peak match intensity has been shown to be influenced by the length of the moving average, as the duration decreases, the peak intensity increases (Delaney (Reilly et al., 2015). Researchers have chosen a variety of HR zone thresholds to describe the percentage of time that players spend in each HR zone. In hurling, the HRpeak and HRmean are known (Collins, Doran and Reilly, 2010). However, only one match was used in that study (Collins, Doran and Reilly, 2010). No HRpeak or HRmean data is currently available for U17, U21 and sub-elite hurlers. In addition, no data that describes the percentage of time spent in each HR zone is available for U17, U21 and senior hurlers. Current HR technology can monitor multiple players at the same time and send the HR signal to an external recording device (e.g. laptop or GPS unit).

et
The playing rules, the number of players and playing area have been shown to vary in team sports. In addition, the match duration is a significant differentiator among team sports and even within the same sport. An investigation of the duration demands of competition has been used to provide further insight into the physical demands of competition (Gabbett, and BOP (number of cycles, duration, and type of BOP stoppage) data are available at U17, and U21 competitions, not even a direct comparison between levels have been performed.

Research that quantifies the differences in BIP and BOP of each competition would provide a better understanding of a potential gap between levels and further aid the development of gamespecific activities (Gabbett, 2012a). In addition, conditioning players to undertake the physical demands of competition should include the "worst-case scenario" passages of play (Malone, Solan, Hughes, et al., 2017). However, no such data exists in hurling.

Overview of the Thesis

This study consists of 12 chapters, each with its specific purpose. For the development of this thesis, studies appear in a logical order here. However, as all seven studies have been published, some studies were accepted before others. As a result, when reading specific studies within the chapters here, references from other studies may appear, yet in this thesis, the specific study might be located in a later chapter.

Chapter 2 -Literature Review

This chapter provides a review of the literature involving the methods used to assess the match-play demands of competition and to identify the current gaps in the literature concerning the playing demands of hurling. This literature review is divided into 16 subsections with the first section providing details about the game of hurling, followed by an overview of match analysis in team sport. The main external and internal match-play variables that have been used to analyse performances are described. Finally, an overview of how these match-play variables change across positions and between-halves is described.

Chapter 3 -Research Methods

An overview of the methods used to quantify the duration demands of elite hurling 
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Chapter 5 presents an investigation of the match-play differences between elite and subelite hurlers. This study aimed to describe the differences in the external and internal loads between elite and sub-elite male senior hurling match-play and across halves of play.

Specifically, the variables included TD covered, relative TD, TD per speed-zone (VLSM: 0 -

0.7 km•h -1 , walking: 0.7 -7.2 km•h -1 , jogging: 7.2 -14.4 km•h -1 , running: 14.4 -19.8 km•h -1 , HSR: 19.8 -25.2 km•h -1 and sprinting: > 25.2 km•h -1
), maximum speed, the number of entries (movement between) per speed-zones (HSR and sprinting) and length of run performed in the top two speed-zones (HSR and sprinting). In addition, HRmean was recorded. 
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This chapter presents an investigation into the match-play demands of U17 hurlers. This study aimed to quantify the match-play workload of elite male U17 hurlers, measuring the differences between the first and second half and between positions. Specifically, the variables included TD, average speed, TD covered in each speed-zone: passive: ≤ 6.9 km . h -1 , slow: 7 -11.9 km . h -1 , medium: 12 -16.9 km . h -1 , HSR: 17 -21.9 km•h -1 and sprint distance ≥ 22 km•h - 1 , and the number and length of sprints. In addition, HRpeak and HRmean were calculated. All variables were assessed per playing half and playing position. This chapter provides the published study, which investigated the match-play demands of U21 hurlers. The study aimed to examine the physical and physiological demands of elite U21 male hurling match-play across halves of play and between positions. Specifically, the variables included TD, average speed, TD covered in each speed-zone: passive: ≤ 6.9 km . h -1 , slow: 7 -11.9 km . h -1 , medium: 12 -16.9 km . h -1 , HSR: 17 -21.9 km•h -1 and sprint distance ≥

22 km•h -1
, and the number and length of sprints. In addition, HRpeak and HRmean were calculated. All variables were assessed per playing half and playing position. The study aimed to examine the temporal differences in match running and HR performances of elite senior hurling players between halves of play and between positions. Specifically, the variables included TD, average speed, TD covered in each speed-zone (passive: ≤ 6.9 km•h -1 , slow: 7 -11.9 km•h -1 , medium: 12 -16.9 km•h -1 , HSR: 17 -21.9 km•h -1 and sprint distance ≥ 
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The sprint demands of elite senior hurling were further profiled. The research publication is included in this chapter. This study aimed to examine the sprint demands of elite male senior hurling match-play across halves of play and between positions. Specifically, total sprint distance, the total number of sprints, the speed, the length and the duration of each sprint, the mean duration between sprints and the number of repeated-sprint bouts were collected. The number of sprints < 20 m and ≥ 20 m were identified. Each sprint was also further separated n = number of subjects in the specific study, Age = the age of the subjects (years), Body mass = the body mass of the subjects (kg), Stature = the height of the subjects (cm).

into

Subjects

In total, 259 subjects volunteered to participate in the studies. Subjects were mainly recruited from elite teams (U17, U21 and senior), except for one study, which subjects were recruited from a sub-elite team. Some of the subjects volunteered to participate in more than one study (Study I, III-VII), especially for studies that involved senior hurling players. The characteristics of the subjects for each study are presented in Table 3.1.

Measuring Equipment

Brief descriptions of the equipment used to investigate the match-play demands of hurling in Study I -VII are presented. A detailed description of the measuring equipment is presented within each study (Chapter 4-10). 

I X II X X III X X IV X X V X X VI X VII X

X = denotes the specific equipment that was used to collect data within the study

SportsCode Analysis Software

In study I, video footage was taken from the primary camera of the stadium, placed about 30 m above the pitch level (Siegle and Lames, 2012a). Matches (U21 and seniors) were selected if they were broadcast on TV and freely available in the public domain (Gabbett, 2015a). However, only highlights of the U17 matches were broadcasted on TV, so a request was made to the TV Company (TG4) for access to the full duration of each match, which were provided on DVDs. Video footage was coded using SportsCode Elite video analysis software (v11.2.20) (SportsCode, Sportstec, Lower Hutt, New Zealand) [START_REF] Pollard | The ball in play demands of international rugby union[END_REF].

GPS

In study II, the running characteristics were recorded using a 5 Hz GPS unit (SPI Pro, GPSports, Canberra, Australia). GPS data were downloaded and further analysed by GPSports 

Heart Rate

In studies II to V, the players' beat-by-beat HR was continuously collected using a HR transmitter belt (Team Polar, Polar Electro Oy, Kempele, Finland). The HR monitor sensors were moistened using water before placing them through the GPS vest and attaching them around the subject's chest. All players were fitted with their HR monitor at least 15 min before any activity commenced. Monitoring HR has been shown to be a valid measure of exercise intensity in invasion games (Rodrigues et al., 2011). The participants were familiarised with the use of this HR technology during team training sessions before data collection. A HR transmitter belt (Team Polar, Polar Electro Oy, Kempele, Finland) collected HR data throughout the sixteen matches. The HR data were transmitted by Bluetooth, recorded and stored synchronously (in 1 s intervals) in the GPS tracking device. HRmean information was collected.

Table 3.3. Overview of the metrics recorded in the original studies

GPS and HR data were downloaded to a computer through the Team AS software (SPI Elite, GPSports, Canberra, Australia) to be stored and analysed after each game. On downloading, each GPS unit was labelled as the playing position. First and second half data were identified by a timestamp and manually exported into a Microsoft Excel spreadsheet (Microsoft, Redmond, USA)

Study III -V

A 10 Hz GPS unit (dimensions 86 mm x 33 mm x 14 128 mm, mass 50 g) (STATSports, Viper, Northern Ireland) was placed within a pouch between the player's shoulder blades (upper thoracic-spine) in a sports vest and worn under the playing jersey. Data collected from the GPS units included TD (m) and relative speed (m•min -1 ). The intensity of each movement was categorised as the distances covered (m) in the following speed-zones, passive: < 6.9 km•h - 1 , slow: 7 -11.9 km•h -1 , medium: 12 -16.9 km•h -1 , HSR: 17 -21.9 km•h -1 and sprint distance (Collins et al., 2018). The total number of sprints (≥ 22 km•h -1 ) and the mean length of sprint were collected.

(≥ 22 km•h -1 )
Peak HR (HRpeak) was taken as the highest HR and HRmean was assumed as the mean The match-play sprint performances were recorded using 10 Hz GPS units and 100 Hz tri-axial accelerometer (STATSports, Viper, Northern Ireland: Firmware 2.28). Data were collected during competitive matches. Afterwards, the first and second half periods were identified by a time stamp. A sprint was defined as running ≥ 22 km•h -1 for at least 1 s. The variables recorded were total sprint distance, the total number of sprints, the speed, the length and the duration of each sprint and the mean duration between sprints. Once the data was exported into Microsoft Excel spreadsheet (Microsoft, Redmond, USA) further separation of the sprint metrics was carried out. A repeated-sprint bout was defined as a minimum of 2 sprints that occurred within a maximum of 60 s duration between sprints (Buchheit, Mendez-Villanueva, B. Simpson, et al., 2010). The number of sprints < 20 m and ≥ 20 m were identified (Gabbett, 2012b). Each sprint was also further separated based on the player's peak speed result, using the following speed thresholds: < 80% (starting from 22 km•h -1 ), 80 -90%, ≥ 90% of the individual's peak speed. Each sprint was then placed within one of the three categories, and the number of sprints was counted.

Study VII

A 10 Hz GPS unit (dimensions 86 mm x 33 mm x 14 128 mm, mass 50 g) (STATSports, Viper, Northern Ireland) was placed within a pouch between the player's shoulder blades (upper thoracic-spine) in a sports vest and worn under the playing jersey. After the completion of each match, GPS data were downloaded to a computer through the bespoke STATSport analysis software (STATSport Viper Firmware 2.28) to be stored and analysed. Each file was trimmed so that data recorded only when the player was on the field were included for further analysis. The proprietary software provided instantaneous raw velocity data at 0.10 s intervals, which was then exported and placed into a customised Microsoft Excel spreadsheet (Microsoft, Redmond, WA, USA). The spreadsheet allowed an analysis of the average speed covered (m•min -1 ) in the following categories: TD (m•min -1 ), HSR (17 

-22 km•h -1 , m•min -1 )

Statistical Analysis

Common statistical analysis approaches are presented below. A detailed description of the analysis used for each study is documented within each respective chapter. All statistical analyses were performed using SPSS for Windows (Version 22, SPSS Inc. Chicago, IL, USA) unless outlined below.

In study I, data were analysed for the mean number and duration of BIP and BOP cycles, while the percentage of BIP/BOP relative to the total playing time for each game was calculated. In addition, the stoppage type and mean duration were also recorded and analysed.

The differences in the total, the cycle duration, the number of cycles and the frequency distributions of BIP and BOP between U17, U21 and senior were compared using a one-way ]HSR, sprinting]) and HR (HRmean and HRmax) variables between elite and sub-elite groups and within subject groups to compare playing halves. Bonferroni post hoc correction was used to calculate paired differences when an interaction was found. Statistical significance was set at an accepted level of α < 0.05. Standardized ES with 95% CI were calculated as recommended by Hopkins (2007) using ES calculator (https://www.cem.org/effect-size-calculator).

Study III, the dependent variables were TD, relative distance, HSR distance, sprint distance (> 22 km•h -1 ), the total number of sprints, mean length of sprint, HRpeak and HRmean, and time spent in each HR zone. Match periods (e.g., first and second halves) and playing positions (full-backs, half-backs, midfielders, half-forwards, and full-forwards) were the independent variables. The analysis was performed using a 2-way (position x half) mixed design (ANOVA). When significant main effects were observed, a Bonferroni post hoc test was applied. Statistical significance was set at an accepted level of α < 0.05. Standardized ES with 95% CI were calculated as recommended by Hopkins (2007) using ES calculator (https://www.cem.org/effect-size-calculator).

In study IV, the analysis was performed using a 2-way (position x half) mixed design (analysis of variance) with a Bonferroni post hoc test. The dependent variables across the range of analysis were TD, HSR distance, sprint distance, the total number of sprints (n), HRpeak, HRmean, and time spent in each HR zone, with match periods and playing positions as independent factors. When significant main effects were observed, a Bonferroni post hoc test was applied. Statistical significance was set at an accepted level of α < 0.05. Standardized ES with 95% CI were calculated as recommended by Hopkins (2007) using ES calculator (https://www.cem.org/effect-size-calculator).

The analysis in study V was performed using a 2-way (position x half) mixed design (analysis of variance). When an interaction occurred, a Bonferroni post hoc correction was used to detect differences between positions (5 levels: full backs, half backs, midfielders, half forwards, and full forwards) and playing half (2 levels: first and second half). In addition, a further analysis of covariance was performed to detect a possible difference in temporal decrements between positions, considering first half as covariate. The dependent variables across the range of analysis were TD, relative distance, HSR distance, SD, the total number of sprints (n), mean length of sprint, HRpeak, HRmean, and time spent in each HR zone, with match periods and playing positions as independent factors. Statistical significance was set at an accepted level of α < 0.05. Standardized ES with 95% CI were calculated as recommended by

Hopkins (2007) using ES calculator (https://www.cem.org/effect-size-calculator).

Statistical analysis in study VI was performed using a two-way (position x half) mixed design (ANOVA). The dependent variables across the range of analysis were total sprint distance (m), the total number of sprints (> 22 km•h -1 ), the mean length of sprint, the number of sprints < 20 m, ≥ 20 m, peak speed, the speed of each sprint (< 80%, 80-90%, > 90%), the duration of each sprint and the mean duration between sprints were collected. The match periods and playing positions were independent factors. Statistical significance was set at an accepted level of α < 0.05. Standardized ES with 95% CI were calculated as recommended by Hopkins (2007) using ES calculator (https://www.cem.org/effect-size-calculator).

In study VII, a multivariate analysis of variance was used to compare differences in maximal running performance rolling averages between positions and time duration. A Bonferroni post hoc test was used to analyse significant between-position differences.

Statistical significance was set at an accepted level of α < 0.05. Standardized ES with 95% CI were calculated as recommended by Hopkins (2007) using ES calculator (https://www.cem.org/effect-size-calculator). Furthermore, a customised spreadsheet (Microsoft Excel; Microsoft) was used to calculate the chance that the observed difference between rolling averages was practically significant (10), using thresholds of 10 m•min -1 (TD) (8), 6 m•min -1 (HSR), and 2 m•min -1 (SD) (21). These thresholds represent the smallest worthwhile change in the specific variable of analysis that would practically have an application in the prescription and monitoring of hurling training [START_REF] Delaney | Establishing duration-specific running intensities from match-play analysis in rugby league[END_REF][START_REF] Delaney | Peak running intensity of international rugby: Implications for training prescription[END_REF].

Quantitative chances of real differences in variables were assessed qualitatively as follows: < 0.5%, most unlikely; 0.5-5%, very unlikely; Chapter 4

Study I

The match-play activity cycles in elite U17, U21

and senior hurling competitive games

This study has been accepted for publication following peer-review. Full reference details are:

Young, D., Collins, K., Mourot, L., Cortella, G. 2019, 'The match-play activity cycles in elite U17, U21 and senior hurling competitive games', Sport Sciences for Health. Springer Milan.

Epub ahead of print

The following study assessed the match-play duration demands of hurling. This method has been used to provide an insight into the physical demands of competition (Gabbett, 2012a(Gabbett, , 2015b(Gabbett, , 2015a; Siegle and Lames, 2012a; [START_REF] Pollard | The ball in play demands of international rugby union[END_REF]. According to the playing rules of hurling, U17 and U21 matches are 60 min in duration with senior hurlers playing an additional 10 min (70 min). However, it has been previously shown that the overall match time is a poor indication of the actual duration of the game. In addition, it is important for coaches to understand how long the game of hurling lasts. Specifically, team games, including hurling, are intermittent, which consist of repeated BIP and BOP cycles. Thus, the further quantification of the match-play duration demands would provide a clearer understanding of the game requirements and if a gap between levels (U17, U21 and senior) exists. With this information, conditioning coaches could plan and implement training activities (Malone and Collins, 2017b, 2017a) that replicate these competition demands.

Therefore, the current study aimed to quantify BIP/BOP data at each level and examine the differences in the number and duration of BIP cycles and the number, type and duration of BOP cycles between U17, U21 and senior competitions. It was hypothesised that meaningful differences would exist among playing levels for the duration and number of BIP cycles and the number, type and duration of BOP cycles.

Introduction

Hurling is an Irish 15-a-side intermittent stick and ball invasion team sport played on a pitch which is 140 m long and 90 m wide [1]. It is a physically demanding and highly skilful game with periods of high-intensity eforts similar to other team sports [1][2][3][4][5][6]. A typical senior hurling match (70 min) is 10 min longer compared to U17 [7] and U21 [3] (60 min) levels. There is a single half-time period of 15 min and 10 min after 35 min and 30 min for seniors and U17/U21, respectively. The best players at sub-elite (club) level are selected to represent their elite (inter-county) team from U14 to senior level. However, U17, U21 and senior hurlers are the only elite levels which compete for a Provincial and All-Ireland hurling Championships [8]. The aim of the game is to outscore the opposition team, one point (point) and three points (goal) are awarded for successfully striking the ball through the opposition goalposts over or under the crossbar, respectively. A high degree of hand-eye
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coordination is required to perform hurling-speciic skills such as catching the ball in the air, balancing the ball on the hurley, striking the ball long distances (> 80 m) while being tackled by opposing players [9]. As the ball can travel large distances (> 80 m) between attack and defense frequently, players can end up being active quite suddenly to contest for possession [1]. Video analysis research in elite senior hurling showed that the three most important skills were lifting the ball from the ground to gain possession, running four steps while in possession and striking the ball from the hand [10]. These skills illustrate that players gain and release possession regularly [11]. However, limited studies exist that quantify the match-play physical demands of hurling [1-3, 7, 12-14].

Although time-motion analysis has been used to quantify the physical demands in team sports [15][16][17][18], GPS has been the most popular method of choice in hurling [1-3, 12, 13, 19]. The game of hurling is physically demanding with highintensity running performances (e.g. high-speed running and sprinting) interspersed with periods of low-intensity activity (e.g. walking and jogging) [1-3, 12, 13]. Greater running performances are observed for elite seniors [2,14] compared to sub-elite seniors [1], U21 [3] and U17 [7] hurlers [1-3, 12, 13]. However, when the relative distance is compared between competition levels, elite seniors covered a similar relative distance to U21s [3] and U17s [7] but not sub-elite seniors [1]. It seems that elite level competition requires higher running performances. To inform the training process and ensure that players are adequately prepared for competition, knowledge of the game demands are necessary. Currently, there are a limited number of research papers that describe the match-play running demands in hurling [1,3,7,13,14] there are no data available that describe the duration demands of competition between playing levels. Thus, the further quantiication of the match-play duration demands would provide a clearer understanding of the game requirements and if a gap between levels exists. With this information, conditioning coaches could plan and implement training activities [20][21][22][23][24] that replicate these competition demands.

Another method that has been used to provide an insight into the physical demands of team sports is the examination of the ball-in-play (BIP) periods [12,15,16,25,26]. The total game duration is a poor indicator of the actual matchplaying time, as the ball was only in-play for 41% of the overall match time in senior hurling [12], 63% in Rugby League [15], and 44% in International Rugby Union [27]. Consequently, the match-play demands which include the ball-out-play (BOP) stoppage duration may underestimate the true intensity of competition [26]. In addition, this BIP time is accumulated from short activity periods interspersed with varying lengths of BOP [17]. It is suggested that analysing these BOP cycles can provide a more appropriate description of the structure of an intermittent game [17]. In soccer, results show that games were interrupted for almost 38% of the total match time with ≈ 108 stoppages (e.g. goal kicks and throw-ins) per match [17]. A similar number of stoppages was reported in senior hurling with the mean BIP time between interruptions lasting ≈ 19 s [12]. Therefore, conditioning programs based on the total match-play demands could result in players being underprepared for the most demanding passages of play [26].

Although BIP and BOP times were described in senior hurling [12] and greater running performances are reported between U21 [3] and senior [2,14] levels using GPS, no data currently exist for the BIP and BOP durations between levels. Furthermore, no BIP and BOP (number of cycles, duration, and type of BOP stoppage) data are available at U17 and U21 competitions, not even a direct comparison between levels has been performed. Research that quantiies the diferences in BIP and BOP of each competition would provide a better understanding of a potential gap between levels and further aid the development of game-speciic activities [16]. In addition, conditioning players to undertake the physical demands of competition should include the "worst-case scenario" passages of play [13]. However, no data exist to quantify these worst-case time durations of play at U17, U21 and senior level. Therefore, the current study aimed to quantify BIP/BOP data at each level and examine the diferences in the number and duration of BIP cycles and the number, type and duration of BOP cycles between U17, U21 and senior competitions. It was hypothesised that meaningful diferences would exist among playing levels for the duration and number of BIP cycles and the number, type and duration of BOP cycles.

Methods

Design

The BIP and BOP durations of U17, U21 and senior hurling championship matches (n = 36) were investigated using a prospective case series experimental design. These championship games are the highest level of competition that players can represent their county at. Video footage was taken from the main camera of the stadium, placed about 30 m above the pitch [17]. Matches (U21 and seniors) were selected if they were broadcast on TV and freely available in the public domain [16]. However, only highlights of the U17 matches were broadcasted on TV, so a request was made to the TV Company (TG4) for access to the full duration of each match, which were provided on DVDs. Video footage was coded for BIP and BOP. The time when the ball was within the playing area and available for players to gain possession was considered BIP, whereas any stoppages during the match were considered as BOP. Each stoppage to the match was classiied by diferent variables. These variables included the type of observation that interrupted play (shot at goal, free, free attempted, sideline or throw-in) (deinitions in Table 1) and the duration of the interruption.

Participants

Five hundred thirty-eight male elite hurlers were involved in the current study. All players in the current study were competing at the highest level (Provincial and All-Ireland Championships) and were selected as they were members of their counties' squad that season (2017-2018). The subjects were categorised as U17 (n = 124), U21 (n = 197) and senior (n = 217). A total of seven, eight and nine diferent teams were used for U17, U21 and senior, respectively. Video footage of matches played over two playing seasons (2017-2018) within the elite U17 (n = 12), U21 (n = 12) and senior (n = 12) hurling championship was used in this study. The local Institution's Ethics Committee approved all procedures, and the study was conducted according to the Declaration of Helsinki (1975) for studies involving human subjects.

Procedures

Video recordings for 36 championship matches, played over two competitive seasons (2017-2018), resulting in a total of 3048 BIP and 2976 BOP cycles were analysed. Video footage was coded by an experienced observer (> 100 h observation time) for BIP and BOP using SportsCode video analysis software (v11.2.20) (SportsCode, Sportstec, Lower Hutt, New Zealand) [27]. Time when the ball was continuously in-play was considered BIP, whereas any stoppages during the match were considered BOP. Each time the ball went out-of-play it was registered as a stoppage [17,28] and classiied by diferent variables (shot at goal, free, free attempted, sideline and throw-in) [15,16]. Post-coding, data were analysed for the number of cycles and the duration of each cycle for both BIP and BOP. Furthermore, the longest BIP duration was recorded. The number and the duration of each stoppage were also analysed. In addition, a frequency distribution of BIP and BOP was determined based on the following classiications: 0-15, 16-30, 31-45, 46-60 and > 60 s [25]. A BIP-BOP ratio was also determined using rolling calculations of 2 sequential BIP cycles and the intervening BOP periods [15,16]. The intra-class correlation coeicients and typical error of measurement for the coding of BIP and BOP were 0.92 and 1.2% and 0.89 and 1.6%, respectively. Common guidelines (e.g. maximum of 2 h for observation) to minimise observer errors when using computers were used [29].

Statistical analysis

All statistical analyses were performed using SPSS for Windows (Version 22, SPSS Inc. Chicago, IL, USA). The intra-observer reliability was assessed by coding 6 randomly selected matches. Data were analysed for the mean number and duration of BIP and BOP cycles, while the percentage of BIP/BOP relative to the total playing time for each game was calculated. In addition, the stoppage type and mean duration were also recorded and analysed. The diferences in the total, the cycle duration, the number of cycles and the frequency distributions of BIP and BOP between U17, U21 and senior were compared using a one-way ANOVA. When required, comparisons of group were required using a Bonferroni post hoc test. Standardised ES were calculated with ≤ 0.20, 0.21-0.60, 0.61-1.20, 1.21-2.00 and 2.01-4.00 and interpreted as follows: trivial, small, moderate, large and very large diferences, respectively, as recommended by Hopkins [30]. Statistical signiicance was set at an accepted level of α < 0.05. Data are presented as mean, standard deviation (± SD) and 95% conidence intervals (95% CI).

Results

The mean total match duration, the BIP and BOP duration and the number and duration of individual BIP and BOP cycles are displayed in Table 2. The ball was in play 44%, 43% and 40% of the overall playing time for U17, U21 and senior matches, respectively. There was no diference (p > 0.05) in the average longest BIP cycle between U17 (73 ± 14 s), U21 (75 ± 15 s) and senior (100 ± 79 s) matches. The BIP-BOP ratio was 1.00, 1.01 and 0.98 for The ball travels over the playing boundary at either side of the ield Throw-in Referee stops play for an injury or when a player accidently falls near the ball and is in danger of getting struck with a hurley 1 3

U17, U21 and senior, respectively, with no signiicant difference (p > 0.05) between levels.

The frequency of BIP in each duration category is presented in Fig. 1a. In senior matches, there were a greater number of BIP cycles between 16 and 30 s compared to U17s (p = 0.011, MD -6, 95% CI -11/-1, ES = -1.75). There were no diferences (p > 0.05) during any other BIP cycle between any playing levels. The frequency of BOP in each duration category is presented in Fig. 1b. Senior hurling matches had a greater number of BOP cycles > 60 s compared to U17 (p = 0.009, MD -5, 95% CI -9/-1, ES = -1.33,) level.

The mean number and duration of stoppages are presented in Fig. 2. The number of shots at goal is the most frequent stoppage reason in hurling matches. However, no diference (p > 0.05) exists between U17, U21 and senior matches. Frees that were scored take the longest duration to restart the match in hurling but no diference (p > 0.05) was observed between levels. There was a longer duration spent from the time a free is awarded until it is taken in senior compared to U21 (p = 0.030, MD -10, 95% CI -19/-1, ES = 1.64) matches.

Discussion

Currently, there are limited studies which describe the match-play demands of hurling, particularly between playing levels (U17-senior) [1][2][3]13]. This was the irst study to investigate the diferences in the number and duration of BIP cycles, the number and duration of BOP cycles and the number of stoppage types between U17, U21 and senior competitions at elite level. Contrary to what was hypothesised, there was no diference between U17, U21 and senior matches for total BIP, the mean individual BIP cycle duration and number of stoppage types. In addition, there was no diference between U17 and U21 matches in any of the durations recorded. However, as hypothesised, there were diferences between groups in the total match duration, total BOP and the number and mean individual BOP cycle duration, with senior matches found to have a longer duration compared to U17 and U21. With these new indings, this information can be used to inform coaches of the match-play duration demands of elite hurling where duration-speciic training activities may be designed. According to the oicial rules of hurling, the match duration for senior and U17/U21 is 70 min and 60 min, respectively. However, the current results showed that the actual full match duration is 9% longer at senior and 8% longer at U17/U21 level compared to the oicial match time. This additional time, which is at the discretion of the referee, is added to the end of the game to account for injuries and substitutions. The current data show that each level is required to play for a longer duration than the oicial rules. Interestingly, there was no diference in the mean BIP time and individual BIP cycle duration between levels (U17, U21 and senior). Similar mean BIP time (≈ 31 min) and mean individual BIP cycle duration (≈ 19 s) were found in a previous senior hurling study [12]. The commonality of playing area, number of players, skills involved and methods of scoring between games may also explain how the BIP results are similar. Despite the fact that the total BIP time is similar, it must be noted that compared to U17 and U21 level, senior matches take 11 min longer to complete (76 min), leading to a largely greater number of BIP cycles. Furthermore, this additional time and number of cycles may highlight the higher physical demands required at senior level [2,3,13]. The higher number of BIP cycles suggest the need to prepare players to transition from U17/U21 to senior level. Interestingly, even though previous senior hurling [12] BIP research was published 8 years ago, similar total BIP times are recorded here. However, the comparison only includes information about the duration of BIP and fails to compare the playing actions that occur within that time, which may have changed. The most critical events (e.g. scoring) occur during periods where the ball is in play. Therefore, beginning at U17, players need to be able to perform high-intensity efort during the BIP periods to cope with these critical events.

The mean individual BIP cycle duration was similar at all levels. This supports the observation that hurling is an intermittent start-stop game, which consists of short periods of BIP [13]. Usually conditioning programs are based on the match-play demands, which are averaged across the full duration of the match. However, research which has analysed the worse-case scenario periods have provided valuable information about the maximal intensities that actually occur in competition [13,15]. Previous research in senior hurling investigated the maximal running intensity period of competition using a 1-min rolling average method [13]. However, the current study found that the ball was rarely in-play for longer than 46 s. Since there was no diference in the average longest BIP cycle duration between levels, the players need to be prepared for these worst-case duration periods no matter what the playing level. Additionally, it is acknowledged that players can be active when the ball is out-of-play, but it must be considered that the worst-case scenario period for total distance, high-speed running distance and sprint distance may be even more demanding given this shorter duration.

Senior hurling matches have a very largely longer mean BOP time, moderately-to-largely greater number of BOP cycles and a trivially longer individual BOP cycle duration compared to U17 and U21. Although signiicant, these individual BOP cycle duration diferences represented a practical diference of just 3 s between levels. Similar BOP cycle duration (≈ 28 s) was reported previously for senior hurling [12]. However, such data are not available for the total BOP and number of BOP cycles. As the senior matches have a 9% longer match duration (Table 2), coupled with a higher number of BOP cycles compared to U17 and U21, this additional time at senior may explain the diference between levels. In addition, as senior players know they have a longer match duration, they may have developed a pacing strategy to use the BOP duration to slow the game down and recover so they could maintain high-intensity performance [26,31]. The current match demands are higher at senior [2,14] compared to U21 [3], while no such data are currently available at U17. Hence, it could be argued that the senior players may use this BOP as recovery to maximise their performance during BIP time.

Analysing the game stoppages in hurling provides coaches with valuable information about the structure of the game. Furthermore, coaches could use this knowledge to design activities to practice the physical movements associated with the most frequent methods of restarting the game. No matter what the level, at least 50% of all stoppages occurred as a result of a shot at goal. This emphasises the high-frequency of attempted scores in hurling, which adds to the spectator appeal. In fact, a shot at goal from play occurred every 2 min or less no matter what the level. Previously, a strong relationship was shown between shot count and match outcome in hurling [11]. This places an importance on winning possession within the BIP cycle as a shot at goal occurs in more than half of the BIP cycles. Following a shot at goal or a free attempted, which is the second highest stoppage in hurling, the goalkeeper strikes the ball back into play. Therefore, as this method (puck-out) of restarting play (n = 57) occurs very frequently during matches, players at all levels need to be able to run back into position within this BOP time to position themselves to gain possession. There were no diferences in the number of stoppages between levels. Even though there is a diference in the overall number of stoppages, in hurling when the game ends is at the discretion of the referee. The end of the game usually occurs when the ball is in play. Therefore, there was no stoppage category identiied as the end-point. This may explain the diference between the stoppage type and the number of BOP cycles.

The longest mean duration of stoppage was for frees attempted. In this case, the teams' specialist free-taker who may be some distance away must move to the free location, place the ball, perform their free-taking routine and strike the ball over the bar or in some cases outside the post and wide. The goalkeeper must then get the ball and restart the game. All this time accumulates and explains why this stoppage takes time before the game can restart. Once a scorable free is awarded, players may use this time to recover and get refocused for the next BIP cycle or hydrate knowing that it will be approximately 1 min before the ball is back in play. The only diference in stoppage duration occurred in frees awarded. In senior matches, frees take longer to restart play compared to U21 level. Given that frees awarded can include the time for players' injuries to be treated, in the matches analysed here, this may have accounted for the longer BOP time associated with frees at senior level. In addition, the tactical formation to defend frees may be diferent, where the defense is more compact in senior matches. Players may take more time to select the best option available to maintain possession and wait for the space to be created before striking the free. With the overall similarities in the stoppage type and duration, it can be assumed that the tactical, technical and physical elements associated with the methods of restarting play can be initiated at U17 level and developed and used at all levels thereafter.

To gain a further understanding of the intensity and recovery periods in hurling, the BIP-BOP ratio was used [15,16]. This ratio was calculated by assessing two sequential BIP cycles and the intervening BOP periods [15,16]. The results showed a BIP-BOP ratio close to 1 with no diference between the playing levels. During BIP, highintensity eforts occur close to the ball [9]. Speciically, seniors [13] and U21 [3] hurlers have been shown to run faster than 22 km h -1 (sprints) ≈ 22 and ≈ 18 times, respectively, during a game. This is coupled with the number of times players perform high-speed running eforts (17-22 km h -1 ) to cover ≈ 759 m and ≈ 661 m distance for seniors [13] and U21s [3], respectively. These BOP periods can be used by the players to recover and facilitate the performance of these high-intensity eforts. Therefore, players should be conditioned to perform high-intensity eforts followed by a similar period of recovery.

Similar to other invasion-type games [4, 15-17, 28, 32], in hurling, there is a contest for possession with the aim of scoring. Thus, stoppages in the game are quite frequent. Describing the mean BIP and BOP cycle duration can give an overview of the match. However, further analysis which describes the number of short, medium and long BIP cycles may give a better understanding of the structure of the game [17]. Thus, in the current study, the total BIP and BOP durations were further divided to identify the frequency of durations within ive time categories so that training activities could be designed accordingly [15,16,25]. The vast majority of individual BIP cycle duration was of a short duration with 79% and 80% of BIP cycles lasting under 30 s for U17/ U21 and senior matches, respectively. There were a similar number of BIP and BOP cycles across the range frequencies between the levels. The only observed diferences occurred between the 16-30 s (BIP category) and > 60 s (BOP category), where senior matches had 20% and 36% more BIP and BOP cycles than U17s, respectively. The additional playing experience at senior compared to U17 level may have inluenced the BOP duration. At senior level, players may use the BOP time to slow the game down and halt the opposition momentum, whereas U17s may be eager to get the game restarted. Therefore, it is important that players have the capacity to be able to perform multiple BIP cycles over various durations and to recover during the BOP periods.

The present study comes with acknowledged limitations. Only the match-play duration demands were analysed with no attempt made to measure the physical running demands. First, even though the ball is in play, the present study was not designed to measure the intensity of the players' movements. Future studies need to examine the running demands within BIP times as the match-play demands may be signiicantly greater than averaged over the full match duration. Second, the BOP cycle was coded as a stoppage so that coaches could be informed of how the match was interrupted and restarted. As a result, injuries were coded as for how the game was stopped. Therefore, some stoppage types may have been longer if there was an injury at that time and the referee allowed the player to be treated. Third, the current study did not account for where the ball was located on the ield during the BIP cycle. The ball may have been in the same half for the duration of the BIP cycle. As a result, some players may have been involved in high-intensity activity and players at the opposite half involved in low-intensity 1 3 movement. Future studies should consider the location of the ball and the number of ball possessions during these BIP cycles. This would help to quantify how many players are actively involved during each BIP cycle, and further indicate the intensity of each BIP cycle. Fourth, match outcome was not considered here. This may have afected the BOP time as winning teams may have tried to slow the game down towards the end of the game. Future studies should investigate how the BIP duration changes as the match progresses, how the winning or losing team in the last 10 min manages the BOP time and how the inal match outcome inluences BOP time. Lastly, the BIP for U17 and senior matches may be afected by the format of the championship. The condensed ixture schedule with four games played in 5 weeks may have increased players' fatigue and afected the BIP and BOP durations.

Conclusions

This was the irst study to investigate the diferences in the number and duration of BIP cycles, the number and duration of BOP cycles and the number of stoppage types between U17, U21 and senior competitions at elite level. The indings showed that there was no diference between U17, U21 and senior matches for total BIP, the mean individual BIP cycle duration and number of stoppage types. In addition, there was no diference between U17 and U21 matches in any of the durations recorded. However, there were diferences between groups in the total match duration, total BOP and the number and mean individual BOP cycle duration, with senior matches found to have a longer duration compared to U17 and U21. This study provides a number of practical applications for coaches to help them prepare players for the demands of competition. The results demonstrate the requirement of players to be able to repeat short-to-moderate periods of play and recover during brief stoppages in play. Coaches should consider the range of BIP times when designing training activities so that the competition demands can be replicated. Even though the longest BIP cycles are uncommon and rarely last over 1 min, hurlers need to experience these durations in training to be physical prepared to play continuously without a break in play. However, these results would question the use of some of the current training practices that include long (> 5 min) uninterrupted possession-style training activities as they fail to replicate the match-play duration and stoppage demands of hurling.

In training practice, high-intensity short-duration games are suggested for repeating the duration demands of competition. With these new indings, this information can be used to inform coaches of the match-play duration demands of elite hurling where duration-speciic training activities may be designed. 
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Study I -The match-play activity cycles in elite U17, U21 and senior hurling competitive games

What we know now  The ball was in play 44%, 43% and 40% of the overall playing time for U17, U21 and senior matches', respectively.  Total BOP duration was longer in senior (45:30 ± 4:13 min) matches compared to U17  The BIP-BOP ratio was 1.00, 1.01 and 0.98 for U17, U21 and senior, respectively, with no significant difference (p > 0.05) between levels.

 There was no difference in the number of stoppages between each level. However, the duration of frees taken (that remain in-play) was longer in senior games compared to U17 and U21.

Practical Applications

 Players should be conditioned to repeat short-to-moderate periods of play and recover during brief stoppages in play.

 Coaches should consider the range of BIP times when designing training activities so that the competition demands can be replicated. The game of hurling is played at both elite and sub-elite levels. The previous study described the duration demands of elite competition. Players are selected to represent their elite team based on their sub-elite performances. Those who are selected to represent their elite team maybe released back to a sub-elite level where management sees appropriate. Therefore, players can interchange between levels within the same season. It is important to understand if there are differences in the match-play demands of competition between elite and sub-elite levels similar to previously reported in Australian football [START_REF] Brewer | Movement pattern comparisons in elite (AFL) and sub-elite (WAFL) Australian football games using GPS[END_REF], soccer (Mohr, Krustrup and Bangsbo, 2003) and Rugby League [START_REF] Kempton | An integrated analysis of match-related fatigue in professional rugby league[END_REF].

Providing coaches with the knowledge of the external and internal match-play performances at both elite and sub-elite levels can aid specific conditioning program design to facilitate the transition between levels of competition.

Therefore, the aims of the study were firstly to examine the differences in the external and internal loads between elite and sub-elite male senior hurling match-play and secondly to examine the differences in the external and internal loads across halves of play.

Introduction

Hurling is an Irish 15-a-side invasion game organized by the Gaelic Athletic Association (GAA). Matches are played on approximately a 145 m long and 90 m wide grass surface over a duration of 60 min (mins) and 70 min for sub-elite and elite, respectively. All players represent their sub-elite (club) team and compete in a county championship. The best players at sub-elite level are selected to represent their elite (inter-county) team who compete for the National League and All-Ireland Championship [1]. Those who are selected to represent their elite team maybe released back to subelite level where management sees appropriate [2]. Players perform unique skills with a stick made of ash (hurley) and leather outer-layered ball (sliotar) similar sized to a cricket ball but softer. A high degree of hand-eye coordination is required to perform sports speciic skills such as catching the ball in the air, balancing the ball on the hurley, striking the ball long distances (> 80 m) and blocking opposing players with the hurley while they attempt to strike the sliotar [3]. Like other team sports, hurlers contest for possession and aim to score through the opposing team's goalposts. A goal or point is scored by striking the ball under or over the crossbar, respectively [3]. The ball can travel quickly from defense to attack where players contest to gain possession [4]. Providing coaches with the knowledge of the external and internal match-play performances at both elite and sub-elite levels can aid speciic conditioning program design to facilitate the transition between levels of competition [5].

Previously, global positioning systems (GPS) technology has been used to quantify player's running performances during competitive matches in hurling and other team sports [4,[6][7][8][9]. GPS devices are compatible with heart rate (HR) technology which facilitates the collection of both running and HR intensities [1] and have been shown to provide valid and reliable measures of team sports performance [10][11][12]. Furthermore, the GPS device provides a breakdown of the distances covered within various speed zones [e.g. very low-speed movement (VLSM), walking, jogging, running, high-speed running (HSR), sprinting] [13], which allows the evaluation of athletes' match-play performance [14]. Finally, the number of entries between speed zones and the length of distance sprinted can provide useful information about the amount of changes in speed and the length of sprint performed.

The diferences between elite and sub-elite levels have previously been reported in Australian football (AF), soccer and rugby league. Elite AF players covered higher TD (128 ± 12 vs. 117 ± 15 m min -1 ; p < 0.01) and high-intensity eforts (2.9 ± 0.6 vs. 2.4 ± 0.6; p < 0.01) compared with subelite players [5]. Similarly, elite soccer and rugby league players performed more high-intensity running than in sub-elite competitions [15,16]. Limited data exists which assesses the match-play performances in elite and sub-elite hurling players [17,18]. It was shown that elite hurlers achieved higher speeds during match-play and undertakes a greater volume of high-intensity work compared to their sub-elite counterparts with no diference in total work rate [18]. The higher match-play demands of elite level are likely to have implications for conditioning players to perform at the optimum level. Therefore, further analysis of the diference between elite and sub-elite levels will aid the design and implementation of conditioning programs to help players transition to the top tier competition.

Comparing metrics between irst and second halves can present temporal changes in running ability [19]. It was previously shown that such metrics decrease as the match progresses in hurling [4], soccer [20], AF [21], rugby [22] and elite Gaelic football [8,19]. Research to assess the in-game physiological demands of hurling has lagged behind Gaelic football and other ield matches [3]. Although the work rates in elite senior hurling match-play have been recently investigated [4], further details to describe the diferences between elite and sub-elite playing standards are required. Sub-elite players can be selected to the elite panel at any time during the year, thus having a knowledge of the differences between elite and sub-elite match-play demands will assist the transition between levels [2]. Therefore, the aims of the study were irst to examine the diferences in the external and internal loads between elite and sub-elite male senior hurling match-play, and second, to examine the differences in the external and internal loads across halves of play. It was hypothesized that the external and internal loads would be higher at elite level and would decrease between halves at both levels.

Methods

Experimental approach to the problem

The current study was designed to investigate the diferences in external and internal loads between elite and subelite male senior hurlers during match-play and investigate the diferences in performances between playing halves. A total of one hundred and ninety-two GPS and HR data iles were collected from 24 elite and 24 sub-elite male senior hurlers during competitive matches (n = 16). All players had completed at least a 3-month skills and physical conditioning program with their respective squad. All matches were played between 14.00 and 21.00 h. Match duration was 70 and 60 min for elite and sub-elite, respectively. Match day temperatures ranged from 10 to 18 °C. GPS tracking units recorded player's movements throughout the game and stored the HR signal transmitted from the player's HR monitor. Only players who participated in the full duration of the matches were included in the study. Players were at least 24 h free from organized training or matches before participating.

Subjects

Forty-eight male senior hurling players (age 26.1 ± 4.1 years, height 182 ± 5 cm and body mass: 85.1 ± 5.3 kg) volunteered to participate in the current study. The players were selected from members of elite senior National Hurling League squads (n = 24) and sub-elite championship squads (n = 24). Only those who were free from injury and illness were eligible to partake in the study. The subjects were informed of potential risks of the study and were free to withdraw at any time and signed a written consent and a medical declaration. The team's medical staf evaluated and approved participant's inclusion in the study. Finally, the University Franche-Comté approved all procedures and the study was conducted according to the Declaration of Helsinki (1975) for studies involving human subjects.

Procedures

An individual lightweight (76 g) 5-Hz GPS unit (48 mm × 20 mm × 87 mm) (SPI Pro, GPSports, Canberra, Australia) was used to record players' movements during elite senior National Hurling League matches (n = 8) and sub-elite county league matches (n = 8). The GPS unit was placed between the player's shoulder blades in a protective pocket within a purpose-built sports vest and worn underneath the player's jersey. Activation and satellite lock was established 15 min before game commencement [23]. The validity and test-retest reliability of these units were already established [24]. Data collected included total distance (TD) covered, distance per minute (relative TD), TD per speed zone (VLSM 0-0.7 km h -1 ; walking 0.7-7.2 km h -1 ; jogging 7.2-14.4 km h -1 ; running 14.4-19.8 km h -1 ; HSR 19.8-25.2 km h -1 ; sprinting > 25.2 km h -1 ) [13], maximum velocity, number of entries (movement between) per speed zones and length of run performed in the top two speed zones (HSR, sprinting). External mechanical load parameters (e.g. accelerations and decelerations) were not included in this study due to the limited accuracy and reliability of these variables measured by the 5-Hz GPS units used [12,24]. Data (n = 192 iles) for the full duration of each match were collected and later separated into irst and second halves. Due to the diference in total playing duration between levels, performance metrics were calculated per minute (relative) to allow elite and sub-elite to be compared. A HR transmitter belt (Team Polar, Polar Electro Oy, Kempele, Finland) collected HR data throughout the sixteen matches. The HR data were transmitted by Bluetooth, recorded and stored synchronously (in 1-s intervals) in the GPS tracking device. Mean HR (HR mean ) information was collected. GPS and HR data were transferred to a computer through the Team AS software (SPI Elite, GPSports, Canberra, Australia) to be stored and analysed.

Statistical analysis

The statistical analysis was performed using statistical software (SPSS 20, IBM, USA) package. The normality of the distribution of the data was checked by the Shapiro-Wilk's test. The sphericity of data was analysed by the Mauchly's test. A two-way ANOVA was performed considering factor for group (two levels: county and club) and factor for time (two levels: irst and second half). Bonferroni post hoc correction was used to calculate paired diferences when an interaction was found. Efect sizes (ES) were calculated and interpreted as < 0.2, trivial: 0.2-0.6, small: 0.6-1.2, moderate: 1.2-2.0, large: and > 2.0, very large [25].

Results

Descriptive statistics (mean ± SD) for relative metrics are presented in Table 1. Relative match performance results showed that elite players cover a greater TD per minute than sub-elite (p < 0.001). Sub-elite players covered a greater TD at VLSM (p < 0.001), and running (p < 0.001), but covered a lower TD walking (p = 0.008) compared with elite players. Similar relative distances were found between elite and sub-elite at jogging (p = 0.212), HSR (p = 0.218) and sprinting (p = 0.437) speeds. No diferences were observed for the relative number of entries at both HSR (p = 0.250) and sprinting (p = 0.518) speeds between elite and sub-elite players. There was no diference (p = 0.091) in the length of run at HSR at elite level (7 ± 1 m) compared to sub-elite level (8 ± 2 m). Similarly, no diference (p = 0.82) was found in the length of run sprint at elite level (4.7 ± 2.9 m) compared to sub-elite level (6.2 ± 0.4).

Descriptive statistics (mean ± SD) for relative metrics per halves are presented in Tables 2 and3. At elite level, lower relative TD were covered at walking (p = 0.001), jogging (p = 0.001) and HSR (p = 0.039) speeds in the second half compared to the irst half, with no diferences observed at VLSM (p = 0.239), running (p = 0.138) and sprinting (p = 0.897) speeds between halves. At sub-elite level, relative TD covered in each of the irst ive speed zones decreased in the second half (VLSM p < 0.001, walking p < 0.001, jogging p < 0.001, running p < 0.001, and HSR p = 0.044), with no diference found between halves at sprinting speed (p = 0.083). Elite level players performed a higher number of entries into the HSR (p = 0.003) zone in the irst half compared to the second half, with no diferences between halves observed at sub-elite (p = 0.11) level.

In the irst half, elite players covered more relative TD than sub-elite players (MD 22 m min -1 ; 95% CI 12-33; ES = 1.61; p < 0.001). However, sub-elite players covered more TD at VLSM (MD 4.7 m min -1 ; 95% CI 2.8-6.5; ES = 1.34; p < 0.001) and running speeds (MD 4.4 m min -1 ; 95% CI 3.3-5.5; ES = 2.53; p < 0.001) than elite players. No diference between levels were found at walking (p = 0.057), jogging (p = 0.229), HSR (p = 0.292), sprinting (p = 0.120) speed zones, and the number of entries at HSR (p = 0.582) and sprinting (p = 0.546) speeds.

In the second half, elite players covered more relative TD than sub elite players (MD 26 m min -1 ; 95% CI 15-36; ES = 1.87; p < 0.001). Sub-elite players travelled a greater TD at running speed (MD 2.8 m min -1 ; 95% CI 1.7-3.9; ES = 1.90; p < 0.001). Whereas elite players covered a greater TD at walking speed (MD 1.9 m min -1 ; 95% CI -0.1 to 3.8; ES = 1.35; p = 0.008). No diferences were observed between levels in the second half for VLSM (p = 0.093), jogging (p = 0.299), HSR (p = 0.273) sprinting (p = 0.938) speed zones and the number of entries to HSR (p = 0.142) and sprinting (p = 0.617) speeds.

Discussion

The purpose of the current study was to describe the differences in external and internal loads between elite and sub-elite male senior hurlers. To allow for diferences in total match duration between elite and sub-elite games, each metric was presented as a relative (per min of match-play) value. Elite level senior hurlers performed a greater relative TD and TD at walking speeds compared with sub-elite players. However, sub-elite players covered a higher relative TD at running speed than elite players. These indings highlight that diferences exist between elite and sub-elite hurling levels, which are in agreement with previous research in other team sports [5,26]. Temporal diferences were found between halves at both levels for relative TD at walking, jogging and HSR speeds. Also, sub-elite players experienced a decrease in relative TD, VLSM and running speed between halves. These indings can aid conditioning staf in preparing sub-elite players to be able to withstand the match-play demands of elite senior hurling. Currently, there is limited information available that describes the match-play performances in hurling, therefore, cross comparisons with previous literature are challenging.

The current results found moderate diference in relative TD between levels, with elite players covering a greater distance per minute. This demonstrates a higher running requirement by sub-elite players when transitioning to elite level. Players at elite level cover similar relative TD to players in soccer (110 m min -1 ) [27], AF (108 m min -1 ) [28] and Gaelic football (116 ± 21 m min -1 ) [29]. However, relative TD at both elite and sub-elite level is higher than found in rugby (84.5 ± 3.0 m min -1 ) [7]. The positioning of the players in a line to receive the ball and stay on-side in rugby compared to the dynamic freedom of the playing positions in hurling may allow a greater relative TD to be performed.

Comparisons between elite and sub-elite levels show diferences performed at walking speed. The number of scoring chances at the elite level may be higher than sub-elite, therefore once the ball goes over the end line (following a score or wide) the ball is out of play and there is additional nonplaying time where players can perform low-intensity activities. Sub-elite players covered a higher distance running and lower TD jogging compared with elite players. Diferences in the elite player's ability to read the game may allow them to cover more distance in the walking and jogging speed zone before performing a change in speed. In comparison to sub-elite players who may try to make up for this reading of the game by completing a higher TD at running speed to get into position to gain possession. In addition to the diferences found in walking and running intensity between levels, sub-elite players cover more relative distance at VLSM than elite players. Sub-elite players may need to use this VLSM to recover from the higher running intensity compared to elite players. In addition, to gain an advantage over their opponent, elite players may be trying to keep moving so they are in the correct position to receive the ball coming from the opposite half. No diferences were observed for TD jogging, HSR, sprinting and the number of entries into the HSR and sprinting speed zone. The commonality in pitch size, playing numbers and how players must contest for possession may account for similar results at the higher speeds between levels. Similar maximum speeds were observed at both elite and sub-elite level. This compares favourably with previous research at senior elite hurling level (29.6 ± 2.2 km h -1 ) [4] and results found between elite (28.2 ± 1.3 km h -1 ) and sub-elite (28.9 ± 0.9 km h -1 ) AF players [5]. The parallels between invasion-type games may account for such similar results. Indeed, while attacking, players may have to accelerate to high speeds to get away from defenders to gain or maintain possession and score, similarly, while in defense, players may reach peak speed chasing attackers to reduce opportunities to score [29]. The number of entries into HSR and sprinting zones were comparable between elite and subelite levels. However, they were lower than found in rugby (18-20; 46 > 20 km h -1 ; 34) [30], and AF (> 18 km h -1 ; 85) [9]. The contrasting styles of play and tactical ploys between games may account for these diferences. In hurling, players frequently strike the ball long distances (> 80 m) into the opposition half to score, therefore minimizing the opportunities to reach the top speeds repeatability. Whereas in rugby and AF players are permitted to carry the ball for longer distances and shorter passes are used to transition from defense to attack [4]. The short length of run in the sprinting speed zone in the present study is in contrast to reported individual sprint distances of 21 ± 5 m in rugby [31], 21 ± 3 m in soccer [6], and 27 (95% CI 24.0-30.9) m in AF [28]. Diferences in speed zone classiication make it diicult to compare between sports. However, a possible reason for covering shorter distances at high speeds in hurling is that players are only allowed to hold the ball in their hand for a maximum of four consecutive steps [32], after that they must carry the ball on their hurley or strike the ball with their hurley or hand. It can be diicult to reach high speeds with the ball on the hurley while trying to avoid an opponent tackling to regain possession, whereas in rugby, players are permitted to hold the ball in their hand for an indeinite amount of steps and are only required to release possession when on the ground [33].

Elite level players recorded a higher HR mean than subelite players during the match. The increased volume of TD performed at the elite level may account for this diference. Elite hurling players recorded similar HR mean with AF (168 ± 8 b min -1 ) [21], soccer (165 ± 11 b min -1 ) [34], and rugby (172 b min -1 : 95% CI 167-177 b min -1 ) [30] players, whereas sub-elite players had a lower HR mean similar to previously reported in Gaelic football (160 ± 6 b min -1 ) players [35]. The stop-start nature of each sport where the ball is regularly in and out of play and the large percentage of TD covered at VLSM and walking may allow player's HR to recover. Finally, intermittent running demands and contesting for possession in each of these sports may account for the similarity. Match-play performances deteriorated in the second half for all metrics at both levels. Elite and sub-elite players experienced a drop of in TD between halves similar to previous research in elite hurling [4]. Temporal decreases in sub-elite running performances were observed in each of the irst ive speed zones, and in the walking, jogging and HSR speeds at elite level. This deterioration between halves may be a result of the style of play, tactical ploys or level of motivation as the match outcome may have been already decided [4,15]. Level of fatigue is also a possible cause of performance deterioration between halves, as previously reported in hurling and other team sports [4,15,36,37]. No diference between halves was observed in the sprinting zone at both elite and sub-elite levels. However, the distance covered at sprinting speed was very low in the irst half, and this might explain the maintenance of sprinting distance in the second half. In addition, HR mean reduced in the second half at both elite and sub-elite level. This concurs with indings that reveal a decrease in HR between halves in rugby (177 vs. 167 b min -1 ) [30], soccer (164 ± 1 vs. 158 ± 1 b min -1 ) [38] and AF (173 ± 8 vs. 163 ± 16 b min -1 ) [21].

No HR mean diferences between halves currently available for Gaelic football. Even though running performances in the current study deteriorated between halves, HR mean could have remained elevated due to the continuity of exercise, emotions and muscle actions performed in the match [30].

The present study comes with some acknowledged limitations and some interesting future perspectives. First, the number of accelerations and decelerations was not included in this study due to the limited accuracy and reliability of these variables measured by the 5-Hz GPS units used [12,24]. Further research is required to analyse the technical elements of match-play with the number of accelerations and decelerations to investigate an association with gaining or maintaining possession. Second, differences in players' role performances were not included. It is acknowledged that data of this type could assist trainers and conditioners to plan individualized training sessions, but the present sample size was not suitable for that purpose. In addition, it is accepted that the small sample size did not allow for a CV calculation. The data collection only included HR mean for each subject and not HR across zones, future studies should include HR across each zone to identify the intensity of the game. Finally, metabolic power data were not included for the motivations reported in the literature [39]. However, the goodness of such estimation was recently questioned, and it should be interpreted with caution [40].

Conclusions

Understanding the external and internal loads is necessary to provide appropriate training stimulus to prepare players to meet the competing demands. In hurling, players are selected to represent their elite team based on their performances during the sub-elite competition. Therefore, knowledge of the sport demands at both levels is necessary to facilitate the transition from sub-elite to the elite level. Current data shows diferences in running performances between playing standards. Elite level senior hurlers performed a greater relative TD and TD at walking speeds. However, elite players covered a lower TD at running speed than sub-elite players. Players (sub-elite) who may be selected for elite level competition may need additional conditioning to withstand the performances during higher level match-play, especially for the total volume as expressed as TD. Hurlers at both levels perform sprints over short distances. Therefore, conditioning drills should relect these short distances sprinted. Monitoring the number of changes in speed and distance covered at the top two speed zones in training is necessary to ensure players can perform the minimum amount found during games. Temporal diferences were found between halves at both levels for relative TD, TD at walking, jogging and HSR speeds. A reduction between halves in metrics analysed may be related to player's ability to repeat efort. Games speciic conditioning activities to assist players to repeat the running performances for the duration of the match is essential particularly at a sub-elite level where TD performance deteriorated in each of the irst ive speed zones.

Study II -Match-play demands of elite and sub-elite hurlers during competitive matches

What we know now  Elite senior hurlers performed a greater relative TD and TD at walking speeds compared with sub-elite players.

 Sub-elite players covered a higher relative TD at running speed than elite players  No difference between elite and sub-elite levels for TD jogging, HSR and sprinting.

 There were no differences in the number of entries or length of run performed at HSR and sprinting speeds between levels  HRmean was 171 ± 10 b•min -1 and 159 ± 8 b•min -1 for elite and sub-elite players, respectively.  Temporal differences were found between halves for relative TD at walking, jogging and HSR speeds in both elite and sub-elite levels  Sub-elite players experienced a decrease in relative TD, VLSM, and running speed between halves.

Practical Applications

 Sub-elite players who are selected for elite level competition may need additional conditioning to withstand the performances during higher-level match-play, especially for the total volume as expressed as TD.

 Hurlers at both levels perform sprints over short distances. Therefore, conditioning drills should reflect these short distances sprinted.

 Monitoring the number of changes in speed and distance covered at the top two speedzones in training is necessary to ensure players can perform these demands during games.  Temporal differences were found between halves at both levels for relative TD, TD at walking, jogging and HSR speeds. Game specific conditioning activities to assist players in repeating the running characteristics for the duration of the match is essential particularly at a sub-elite level where TD performance deteriorated in each of the first five speed-zones The previous study has shown that there was a difference between elite and sub-elite levels. Those who are playing sub-elite level may require additional conditioning to withstand the demands of elite competition. Quite a large number of players come through elite youth hurling squads to represent their county at U17 level. Counties dedicate enormous resources (time, travel, and finance) into preparing players during these development squad years (U14, U15, U16). However, currently, there is no data available to inform coaches about the matchplay demands of U17 competition. Therefore, coaches do not know the game they are preparing the players to compete in.

Therefore, this study aimed to quantify the match-play workload in elite male U17 hurlers, measuring the differences between the first and second half and between positions

INTRODUCTION

H

urling is an Irish stick and ball invasion-type sport played on a 140 3 90 m playing area. Each team consists of 15 players (1 goalkeeper and 14 outfield players) split into 5 distinctive roles (full-backs, half-backs, midfielders, half-forwards, and full-forwards) (31,32). The aim of the match is to outscore the opposition by striking the ball through the opposition goalposts, one point for over the crossbar and 3 points for under the crossbar (32). Hurlers perform unique skills such as balancing the ball on the stick (hurley), catching the ball, striking the ball long distances (80-90 m), and tackling with the hurley (23). Players represent their home county and compete for an official Provincial and All-Ireland Championship at adult (senior: players older than 18 years), under 21 (U21), and minor (U17) levels (23). The U17 competition was established in 2017 and is the first formal elite hurling championship with stand-alone fixtures, played in front of large attendances before senior championship matches. Despite the popularity and the significant training time allocated to hurling practice, limited studies are available to describe the match-play demands of competition (8,(30)(31)(32)(33). This information would provide coaches with competition demands and help them develop specific conditioning activities for training. Previously, it has been found that comparable senior match-play relative distance and speeds were covered in hurling small-sided games (16). In addition, quantifying the match-play demands of youth hurling competition would allow appropriate programs to be designed to aid the transition to adult competition (31)(32)(33).

Global positioning system (GPS) technology was used to quantify the players' activity profile and load during competitive matches (8,10,19,22,26,(30)(31)(32)(33). The total distance (TD), relative distance, distance covered at each intensity including high-speed running (HSR), and sprint distance have been reported in hurling at senior (elite and subelite) (8,33) and U21 levels (32). Senior hurlers (8,30) exhibited greater match-play running performances compared with U21 hurlers (32). Furthermore, previous research in hurling (elite and subelite senior and U21) has shown that running performance deteriorated in the second half (8,30,32,33). This between-half analysis can present how these metrics change as the match progresses and could be used to indicate the most demanding periods of play (31). Moreover, similar to other team sports, positional differences exist within senior (8,30) and U21 (32) hurling matches with significant variances observed in TD and HSR between positions (8,32). Finally, the assessment of heart rate (HR) provides a noninvasive method for monitoring the physiological response of match-play in team sports (5,10,22,32,33) and recently in hurling (17,30,32,33). Results show that senior (7,30,33) and U21 (32) hurlers' match-play HR mean (HRmean) and HR peak (HRpeak) values are similar. In addition, decreases in HRmean were observed between the first and second halves in both senior (7) and U21 (32) hurlers. Currently, only positional HRmean and HRpeak are available for senior (30) and U21 (32) hurlers, yet no differences were observed between playing positions (32). No similar HRmean or HRpeak, positional HR, or between-half HR decrements data are currently available in youth-level hurling.

Elite youth competitions serve as a development platform for future senior performances. Therefore, the conditioning of youth players should rely on evidence-based research that quantifies the physical match requirements (28). Previous studies have shown differences in match-play outputs between youth-and adult-level players in team sports such as Gaelic football (10,18,19,22), Australian football (27), and soccer (11). Although the match-play running performances and HR are described for senior (elite and subelite) (8,33) and U21 (32) levels, currently, there are no data available to inform coaches of the match-play demands at the youth level. Since this level of competition (U17) was only recently established, this is the first opportunity to collect such data. Therefore, the aim of the current study was to quantify the match-play demands in elite male U17 hurling players, investigating the differences between halves and positions.

METHODS

Experimental Approach to the Problem

The current investigation was designed as an observational study. The players in the current study were competing at an elite level for their age group and were selected, as they were members of the county's squad that season. The participants were recruited from 3 different teams and categorized into common outfield playing positions of full-backs (n = 16), half-backs (n = 16), midfielders (n = 12), half-forwards (n = 16), and full-forwards (n = 16) (8,(30)(31)(32). Data were only included if a full match (60 minutes) was completed. All matches (n = 18) took place during the 2017 and 2018 playing seasons (May-September). Global positioning system was used to determine specific running performance variables, and HR monitors were used to collect HR during elite U17 competitive matches. The players were requested to abstain from strenuous physical activity in the 24 hours before competitive matches and report to the match fully hydrated (32).

Subjects

Seventy-six elite male U17 hurlers with a mean (6SD) age, height, and body mass of 16.6 6 0.4 years, 177.4 6 6.2 cm, and 69.4 6 6.1 kg, respectively, volunteered to participate in the study. After ethical approval, the participants along with their parents/guardians were informed of the purpose, procedures, and potential risks involved in the study. They were also informed that they were free to withdraw from the study at any time. Written informed consent was obtained from the parents/guardians and participants in line with the 

Procedures

Height and body mass were assessed without footwear and minimal clothing using a stadiometer and weighing scales (Seca 217; Seca Ltd., Hamburg, Germany) on the first day of testing. The running performances were collected using a 10-Hz GPS System and 100-Hz tri-Axial accelerometer (STATSports Viper, Newry, Northern Ireland: Firmware 2.7.1.83) (1,32). The validity of these GPS units has previously been reported (2). Such GPS units reported distance bias of 2.53% during 10-m shuttle runs and a bias of 3.5% in average speed during 20-m shuttle runs (2). Intraunit reliability showed a coefficient of variation of 1.6% during the 400-m distance trial (3). The GPS unit (dimensions 86 3 33 3 14 mm, mass 50 g) was placed between the player's shoulder blades (upper thoracic spine) in a sports vest and worn under the playing jersey. Global positioning system activation and satellite lock were established 15 minutes before match commencement (15). A HR transmitter belt (Team Polar; Polar Electro Oy, Kempele, Finland) was worn around the chest, which collected HR data throughout each match (30,32,33). Monitoring HR during invasion games has been found to be a valid measure of exercise intensity (24). The subjects were familiarized with GPS and HR technology during training sessions before data collection (30,32). Data collected from the GPS units included TD (m) and relative distance (m$min 21 ). The intensity of each movement was categorized as the distances covered (m) in the following zones, passive: #6.9 km$h 21 , slow: 7-11.9 km$h 21 , medium: 12-16.9 km$h 21 , HSR: 17-21.9 km$h 21 , and sprint distance $22 km$h 21 (8,32). The total number of sprints (number of times players ran $22 km$h 21 and lasted at least 1 second) and the mean length of sprint were collected (8,32). HRpeak was taken as the highest HR recorded during the match and per half. HRmean was assumed as the mean value of HR attained by the player during the entire competitive match-play duration and per half (22). Time spent in each HR zone (zone 1: 0-50 b$min 21 ; zone 2: 50-80 b$min 21 ; zone 3: 80-120 b$min 21 ; zone 4: 120-160 b$min 21 ; and zone 5: .160 b$min 21 ) was also collected (22,32). Global positioning system and HR data were downloaded to a computer through the STATSport analysis software (STATSport; Viper 2.7.1.83) to be stored and analyzed after each match. On downloading, each GPS unit was labeled as the playing position. First-and second-half data were identified and exported into a Microsoft Excel spreadsheet (Microsoft, Redmond, WA, USA).

Statistical Analyses

All statistical analyses were performed using SPSS for Windows (Version 22; SPSS Inc., Chicago, IL, USA). Descriptive analysis and assumptions of normality were verified before parametric statistical analysis. The analysis was performed using a 2-way (position 3 half ) mixed design (ANOVA). Across the range of analysis, the dependent variables were TD, relative distance, HSR distance, sprint distance ($22 km$h 21 ), the total number of sprints, mean length of sprint, HRpeak and HRmean, and time spent in each HR zone. Match periods (e.g., first and second halves) and playing positions (full-backs, half-backs, midfielders, half-forwards, and full-forwards) were the independent variables. When significant main effects were observed, a Bonferroni post hoc test was applied. Standardized effect size (ES) was calculated with ,0.20, 0.20-0.59, 0.60-1.19, 1.20-1.99, and $2.00 and interpreted as follows; trivial, small, moderate, large, and very large differences, respectively, as recommended by Hopkins (13). Statistical significance was set at an accepted level of a#0.05. Data are presented as mean (6SD) and 95% confidence intervals (95% CIs).

RESULTS

Descriptive statistics for TD, relative distance, HSR, the number of sprints, the mean length of sprint, total sprint distance, HRmean, and HRpeak for the full match and per half are presented in Table 1. Results showed that elite male U17 hurling players covered the greatest distance in the passive zone (2,510 6 523 m, 95% CI 2,431-2,593). The distance covered in slow and medium zones was 1,474 6 438 m (95% CI 1,415-1,528) and 1,179 6 553 m (95% CI 1,102-1,250), respectively. High-speed running and total sprint distance accounted for 9 and 4%, respectively, of the TD covered during match-play. The peak running speed achieved in the full matches was 28.1 6 2.9 km$h 21 .

The descriptive statistics for TD, relative distance, HSR, the total number of sprints, the mean length of sprint, total sprint distance, HRmean, and HRpeak per position and per half are presented in Table 2 There were between-half decrements in TD, relative distance, HSR, and total sprint distance for all positions with the exception of full-forwards. Each position performed a lower number of sprints in the second half compared with the first (Table 2). There were no differences (p . 0.05) found between positions for the total number of sprints, HRpeak, and HRmean in the second half (Table 2).

DISCUSSION

To the best of the authors' knowledge, the current study was the first to examine the match-play demands in elite U17 hurling across halves of play and between playing positions. The overall running performances for the full game were lower than those found at an elite senior hurling (8,31,33) level but similar to the U21 level (32). Small-tomoderate decreases in TD, relative distance, HSR, total number of sprints, mean length of sprint, total sprint distance, HRmean, and HRpeak were observed between halves. In addition, during the full duration of match-play, positional differences existed. Overall, the half-backs, midfielders, and half-forwards covered moderately-to-very largely greater TD, relative distance, HSR, total number of sprints, and total sprint distance compared with full-backs and full-forwards. A similar trend was observed in both the first and second halves. However, no differences were found for the mean length of sprint, HRmean, or HRpeak. This information can be used to inform coaches of the match-play demands of U17 hurling, where age-appropriate training programs may be designed.

Independent of playing position, U17 hurling players covered lower TD and HSR than senior players (z7,617 and z815 m, respectively) (8). In addition, U17 players covered less HSR distance and total sprint distance compared with senior hurlers (z759 and z486 m, respectively) (31). The 10 minutes additional playing time between U17 (60 minutes) and senior (70 minutes) levels almost certainly explain the larger metrics being covered in senior hurling because relative distance is similar to senior hurlers (z109 m$min 21 ) (8). Indeed, with a comparable match duration (60 minutes), U21 hurlers covered similar TD (z6,688 m), relative distance (z112 m$min 21 ), total sprint distance (z274 m), and the total number of sprints (z18) (32) to U17 players. Although pitch size, number of players, and playing rules are common between levels, there may be differences in the team tactics implemented at the senior level. In addition, U17s tend to have a lower training frequency compared with senior hurlers (usually 2 vs. 4 field sessions per week). The additional training time that senior hurlers have can be used for improving their technical skills, developing a style of play, and increasing their physical conditioning so that they are able to perform greater running performances compared with U17 hurlers. Furthermore, it could be argued that these Journal of Strength and Conditioning Research the U17 players may have not experienced full physical maturation, which could have limited their running performance compared with senior players. The maximum speed in U17 was comparable with both senior (z29.6 km$h 21 ) (8) and U21 (z29.1 km$h 21 ) (32) hurlers. In hurling, the ball can travel long distances (.50 m) (32) from one area of the pitch to another. Thus, players may have to sprint to another location of the pitch to catch up with the ball, to support their teammate, or to chase after opponents when they are in possession. This available space to sprint may allow players to reach similar maximum speed.

Based on running performances, U17 hurling is a higher demanding sport compared with youth Gaelic football (10,22). The current findings showed that TD was higher than previously reported in youth Gaelic football at both under 15 (U15) (z5,732 m) (22) and U18 (z5,774 m) (10) levels. Total sprint distance was also higher in elite U17 hurling players than that observed in U15 Gaelic footballers (z198 m) (22), while a different sprint threshold was used for U18 ($20 km$h 21 ) (10) making a direct comparison difficult with the current study. Youth Gaelic football players performed a similar total number of sprints at both U15 (z19) and U18 (z18) levels, and similar HRmean (z166 b$min 21 ) at the U15 level than the current study's findings (10,22). No HRmean values were reported at the U18 level, only as a percentage of HRpeak, making a direct comparison difficult (10). The comparable nature of invasion-type games where players have to sprint to gain possession in both hurling and football may explain the similarities between results. By contrast, the larger TD and total sprint distance observed U17 hurling compared with youth Gaelic football may be due to a difference in the speed and frequency of the ball traveling between halves. In hurling, the ball is hit with the hurley and can move quickly from one area of the pitch to another compared with the ball being carried by a single player in Gaelic football. This may engage more players in contesting for possession more frequently and may explain why U17 hurlers covered more TD and total sprint distance than youth Gaelic footballers.

Small-to-moderate decreases in TD, relative distance, HSR, total number of sprints, total sprint distance, mean length of sprint, HRmean, and HRpeak were found between first and second halves. Similarly, elite senior (7,8) and U21 (32) hurling players' TD, relative distance, HSR, total sprint distance, HRmean, and HRpeak performances deteriorated as the match progressed. Running performance decrements between halves are probably associated with reductions in players' performance (21). These differences may be a result of fitness levels, style of play, or tactical ploys (8). In addition, fatigue has been previously suggested as a possible cause of performance deterioration between halves, as substitutes performed greater relative running demands than those who played the full duration of matches (6,21). The format of the U17 Provincial championships requires teams to play 4 matches in 5 weeks, with 2 teams having to play 4 consecutive weeks. In addition, 2 matches are played in 3 weeks in the All-Ireland qualifier rounds following the Provincial final. This condensed fixture schedule may also explain the drop-off in running performances in the second half (14). Strategies that include the optimal time to make substitutions to reduce the overall drop-off in running performance warrant further investigation. In soccer, the ability to maintain HSR ($18 km$h 21 ) was shown to be a critical aspect of performance (21) and match outcome (25). Hurling training activities for U17 players need to include sufficient space to allow players to achieve and maintain running speeds over 17 and 22 km$h 21 , so they can be conditioned to perform and repeat these efforts during match-play.

With respect to positional differences, the current study found that half-backs, midfielders, and half-forwards performed greater TD, relative distance, and HSR compared with full-backs and full-forwards. Similar between-position results for TD and relative distance were found at the U21 level (32). However, at the senior level, midfielders outperformed the other positions in TD, HSR, and total sprint distance (8). It was previously suggested that midfielders at the senior level move up and down the pitch to provide a "link" between backs and forwards (8). In addition, the level of tactical awareness of the seniors might be more developed compared with U17s. At the senior level, midfielders move between attack and defense, whereas half-backs and half-forwards may read the game and hold their positions. By contrast, U17 half-backs, midfielders, and halfforwards may follow the ball rather than reading the play and anticipating where the ball may go, thus running more. Previously, a pacing strategy was observed in team sports (9,29) and has been suggested to be related to the training experience. Consequently, although senior hurlers may have developed this pacing strategy, U17s may suffer from a lack of playing experience. Therefore, this may have resulted in U17 hurlers performing unnecessary running. Finally, halfforwards performed more sprints compared with full-backs and a greater total sprint distance than full-backs and fullforwards in the current study. During match-play, halfforwards are free to move to create space or gain possession, whereas full-backs and full-forwards tend to stay closer to the goals to prevent scores and to score, respectively. This additional running area may have created the opportunity to cover more distance at maximal intensity.

Full-forwards were the only position that experienced no temporal decrements in TD, relative distance, HSR, and total sprint distance. In the current study, full-forwards covered less TD, relative distance, and HSR distance during the full match than half-backs, midfielders, and halfforwards. This may explain why full-forwards could repeat similar metrics in both halves. Interestingly, although similar TD, relative distance, HSR, and total sprint distance was found in full-backs and full-forwards, only full-backs experienced temporal decrements in the second half. Full-backs and full-forwards mark each other during the match, thus why such a difference exists is not clear. Further investigation into the number of ball possessions in full-backs vs. fullforwards may highlight why full-forwards are able to maintain their running performance between halves. Moreover, it is acknowledged that the fitness profile of each position could raise further differences in the physical abilities between full-forwards and full-backs, this needs additional investigation.

Quantifying HR has been used to assess the intensity of the exercise performed during matches (1,4,12,32,33). Interestingly, although match running performances differ between U17 and elite senior hurlers, the results from the current study reported similar HRmean (z163 b$min 21 ) (7). However, consideration must be made as the absolute HRmean recorded presently and in senior hurlers may correspond to different relative HRmean, given the difference in age. Similar HRmean findings were observed in elite youth Gaelic football players (z166 b$min 21 ) (22). The stop-start activity, catching the ball, and contesting with opponents for possession and scoring are similar in both hurling and Gaelic football. This may explain the similarities in HRmean at both games. However, U17 hurlers' HRmean is lower than that found in similar age-graded soccer players (174 b$min 21 ) (5). The playing numbers (soccer 11 vs. hurling 15), pitch size (110 3 70 m vs. 140 3 90 m), and the additional 10 minutes of match duration in soccer may account for these differences. The current findings showed no difference in HRmean between positions. Although TD and HSR distance were different between positions, the players covered similar sprint distance and number of sprints. Because the HR is elevated following a sprint effort and may remain high afterward, the similar sprint distance covered may be hypothesized to account for the comparable HRmean between positions. The percentage of match-time spent over 160 b$min 21 was greater than the time spent in any other HR zone. This is comparable with elite youth Gaelic football players (61%) (22) and U21 hurlers (65%) (32). Interestingly, redistribution in the time spent within each HR zone was observed between each half. Indeed, compared to the first half, the players spent a lower amount of time in the top HR zone and increased the time spent in the bottom 4 HR zones in the second half. This is coupled with the decrements in TD, relative distance, HSR distance, the number of sprints, the mean length of sprint, and total sprint distance in the second half. Conditioning the players to tolerate the fatigueinduced responses might mitigate the decrements in running performance over time.

This study comes with some acknowledged limitations. First, although the match-time was 60 minutes, the number of stoppages and therefore the duration for which the ball was in-play were not considered. Further studies should account for both absolute and ball-in-play time, as this may display higher relative match-play demands. Second, the number of ball possessions per position was not included in this study. Some playing positions may have accumulated more possessions and thus been involved in the play more than other positions. This could have had a knock-on effect on the running performance and HR values. The current study did not assess the players' maximal HR during a test. Therefore, HRpeak results in this study are game-related and may not represent the players true HRpeak. Further studies should use the players' actual HRpeak and compare it with their HRpeak during match-play to indicate how close the players are exercising to their maximal effort. Finally, the current study did consider the impact of match outcome on the running performances and HR values. Previously, Gaelic football players were observed to cover greater distances in games that ended in draws or narrow score margins (20). Future studies need to include this factor when assessing the match-play demands of competition.

PRACTICAL APPLICATIONS

An appropriate conditioning program needs to be put in place for U17 hurlers to progress them to the greater demands at the senior level. Notably, these age-graded players are used to participating in friendly and official matches for the full year, specifically moving from school to combining subelite and elite and then again back to school competitions. This limits the time available for conditioning. Therefore, a dedicated training period should take place to prepare them for the match-play demands of competition. This focused training period could also limit the temporal decrements between halves. Particularly, half-backs, midfielders, and half-forwards have been shown to outperform full-backs and full-forwards. Consequently, these middle 3 positions need further conditioning to meet the higher match-play demands. In addition, consideration needs to be made about positional changes and timing of substitutes to ensure that the players in the most physically demanding positions sustain the levels of physical performance required. Finally, hurlers spend more time over 160 b$min 21 during a match. Therefore, activities that aim to replicate the match-play demands should monitor HR throughout and limit the duration of stoppages between training activities so that HR can remain high. This knowledge of the match-play running performances and HR values will allow coaches and conditioners to design specific training programs to prepare elite U17 hurlers for the demands of competition. In addition, the current results can help coaches compare U17 competition with U21 and senior match-play demands, which can then be used to transition players between competition levels.

Study III -Match-play demands of elite U17 hurlers during competitive matches

What we know now  TD, average speed, HSR, the number and length of sprints and the total sprint distance was  Midfielders, half-backs and half-forwards covered greater TD, average speed and HSR compared to full-backs and full-forwards. No between-position difference was found in HRpeak and HRmean.

Practical Applications

 An appropriate conditioning program needs to be put in place for U17 hurlers to progress them to the greater demands at senior level.

 Due to a high number of games played school, sub-elite and elite teams, a limited time is available for conditioning. Therefore, a dedicated training period should take place to prepare them for the match-play demands of competition. This focused training period could also limit the temporal decrements between halves.

 Half-backs, midfielders and half-forwards have been shown to outperform full-backs and full-forwards. Consequently, these middle three positions need further conditioning to meet higher match-play demands.

 Consideration needs to be made about positional changes and timing of substitutes to ensure the players in the most physically demanding positions sustain the levels of physical performance required.

 U17 hurlers spend a longer time over 160 b•min -1 during a match compared to any other HR zone. Therefore, activities that aim to replicate the match-play demands should monitor HR throughout and limit the duration of stoppages between training activities so that HR can remain high.

INTRODUCTION

H

urling is an Irish stick and ball invasion game. It is a physically demanding dynamic game with periods of high-intensity efforts similar to other team sports (6). The game is 60 minutes (30 minutes per half ) in duration and is played on a pitch (140 3 90 m), which is 40% larger compared with a soccer pitch (110 3 70 m), and contested by 2 teams of 15 players (1 goalkeeper and 14 outfield players). Players' tactical and technical roles differ between the 5 distinctive positions (fullback, half-back, midfield, half-forward, full-forward) (6). The aim of the game is to outscore the opposing team by striking the ball through their goalpost (similar to rugby). Three points (goal) and 1 point are awarded once the ball successfully crosses the goal line under and over the crossbar, respectively (22). Counties compete for a Provincial and All-Ireland elite Championship at adult (senior), under-21 (U21), and under-18 (minor) levels (22). Research that describes the work rate match-play performances of hurling has lagged behind Gaelic football and other invasion team sports (5,6).

Global positioning system (GPS) monitoring and heart rate (HR) technology have been used to track the players' training loads and physical demands during matches (5,6,13). The work rate of hurlers is relatively high and comparable with other team sports (6). It was recently reported that elite senior hurling players covered 7,617 6 1,219 m, 109 6 17 m $min 21 , and 1,134 6 358 m ($17 km$h 21 ) for total distance (TD), relative speed, and high-speed running (HSR) distance, respectively (6). The same authors also showed that the lowest distance covered was observed in the top 2 speed zones (815 6 274 m at 17-21.9 km$h 21 and 319 6 129 m at $22 km$h 21 ). Recording players' HR during match-play has previously been used to describe the intensity of team sport (7). The recorded peak HR (HRpeak) during a competitive senior hurling match was on average 194 6 3b $min 21 (5). Players' HR ranged between 100 and 197 b$min 21 during the game and they displayed a mean HR (HRmean) of 83% of HRpeak. Knowledge of the matchplay demands can provide coaches with valuable information about the intensity of competition. Therefore, specific training practices and adequate fueling strategies can be prescribed to meet these match-play intensities (7).

Comparing metrics between first and second halves can present temporal changes in performance. It was previously shown that such metrics decrease as the match progresses in senior hurling and elite Gaelic football (6,15,24). Senior elite Gaelic footballers performed significantly less HSR and sprint distance in the second half compared with the first (17). In addition, youth Gaelic footballers completed a lower TD and HSR in the second half. A decrease in HRmean was found between first (163 6 14 b$min 21 ) and second (160 6 15 b$min 21 ) halves during a competitive senior hurling match (5). To date, hurling running performances are presented per quarter of match-play (6). The performance of HSR was significantly lower in the second quarter compared with the first, and the fourth quarter was lower than the third. The limited duration of half-time (15 minutes) was suggested to be insufficient to repeat HSR (6). In addition, the opposition, match outcome, and the playing position in Gaelic football had a significant effect on TD and HSR performed in a game (18).

The outfield playing positions in hurling consists of 2 defensive lines of 3, 2 midfielders, and 2 attacking lines of 3. The full-back line, which are closest to their defensive goal are responsible for marking the full forward line and protecting the goal (22). The midfielders act as a link between attack and defense, the half-back line's role is to mark the opposition half forward line and provide additional protection for their goal (6). All positions are free to move anywhere on the field. With players' ability to strike the ball long distances (80-90 m), the ball can be transferred to the opposite end of the field quite quickly, and scoring is possible from the opposition half-back line. Similar to other team sports, positional differences exist within senior hurling matches (6). Previous results showed that senior hurling midfielders performed the highest volume of work (TD, HSR, and sprint distance) compared with backs or forwards. Comparing TD and HSR, players in the half-forward line were the second highest performers, with a similar profile being performed by half backs and full forwards, and full backs undertake the least (6). Although it is known that positional differences exist in the running demands of match-play, no positional HR data are currently available in hurling.

Although the match-play demands of senior hurling has been investigated, no research has described the match-play running and HR values of underage elite hurling players. Indeed, underage (minor and U21) elite squads compete for their own championships; they are also seen as a stepping stone to be selected and perform at elite senior level. Increasing the knowledge of the match-play performances will assist coaches in identifying the movement requirements necessary to perform at the desired level. Given the limited match-play knowledge available in hurling, the running performances of underage hurling have been interpreted from senior matches and even from other field games (6). Although the duration of U21 matches is 10 minutes shorter, the pitch size, number of players per team, and playing rules are similar to that of senior hurling. It would be useful for coaches to know if these physical and physiological demands are sufficient to prepare players for U21 competition and what differences, if any, exist between U21 and senior level. Therefore, the aims of the current study were to examine the physical and physiological demands of elite U21 male hurling match-play across halves of play and between positions. It was hypothesized that the physical and physiological demands would decrease between halves and would be position specific.

METHODS

Experimental Approach to the Problem

The current observational study was designed to examine the physical and physiological demands of elite male U21 hurling match-play across halves of play and between positions. All players in the current study were competing at the highest level for their age group (Provincial and All-Ireland U21 Championship) and were selected as they were members of the county's squad that season (2017). Data were only included if a full match (60 minutes) was completed. The players were classified according to their playing position during each match (i.e., full backs [n = 22], half backs [n = 21], midfielders [n = 13], half forwards [n = 19], and full forwards [n = 20]) (6). All games (n = 10) took place between 14.00 and 21.00 hours, and temperatures ranged from 12 to 248 C. Global Positioning System was used to determine specific running performance variables, and HR monitors were used to collect HR during match-play. The players were requested to abstain from strenuous physical activity in the 24 hours before competitive matches and to report to the game fully hydrated.

Subjects

Ninety-five elite male U21 hurlers with a mean (6 SD)a g e , height, body mass and predicted V _ O 2 max of 20.8 6 0.9 years, 181.4 6 6.40 cm, 77.4 6 2.86 kg, and 66.08 6 3.83 ml$kg 21 $min 21 ,r e s p e c t i v e l y ,v o l u n t e e r e dt op a r t i c i p a t ei nt h e study. After ethical approval, the subjects were informed of the purpose, procedures, and potential risks involved. They were also informed that they were free to withdraw from the study at any time. Written informed consent and medical declaration were obtained from the participants in line with the procedures set by the local institution's research ethics committee. The University of Bourgogne Franche-Comte ethics committee approved all procedures, and the study was conducted according to the Declaration of Helsinki (1975) for studies involving human subjects.

Procedures

Height and body mass without footwear and minimal clothing using a stadiometer (Seca 217; Seca Ltd., Hamburg, Germany) and Seca Weighing Scales (Seca Ltd.) were recorded during the familiarization session. The running performances were recorded using 10-Hz GPS units and 100-Hz triaxial accelerometer (Firmware 2.28; STATSports, Viper, Newry, Northern Ireland, United Kingdom) (2-5). The GPS unit (dimensions 86 3 33 3 14 mm, mass 50 g) was placed within a pouch between the player's shoulder blades (upper thoracic spine) in a sports vest and worn under the playing jersey. The GPS activation and satellite lock were established 15 minutes before warm-up commencement (12). The number of satellites was 19 6 7, and the horizontal dilution of precision was 1 6 1 across all games. Beat-by-beat HR was continuously collected using a HR transmitter belt (Team Polar; Polar Electro Oy, Kempele, Finland), which was worn around each subject's chest (14,19). Monitoring HR has been shown to be a valid measure of exercise intensity in invasion games (25). The participants were familiarized with GPS and HR technology during team training sessions before data collection.

Data collected from the GPS units included TD (m) and relative speed (m$min 21 ). The intensity of each movement was categorized as the distances covered (m) in the following zones, passive: ,6.9 km$h 21 , slow: 7-11.9 km$h 21 , medium: 12-16.9 km$h 21 , HSR: 17-21.9 km$h 21 , and sprint distance: $22 km$h 21 (6). The total number of sprints ($22 km$h 21 ) and the mean length of sprint was collected (5,(13)(14)(15)17,21). Peak heart rate (HRpeak) was taken as the highest HR, and HRmean was assumed as the mean value of HR attained by the player during the entire competitive match-play duration (19,24). Time spent in each HR zone (zone 1: ,50 b$min 21 ; zone 2: 50-80 b$min 21 ; zone 3: 80-120 b$min 21 ; zone 4: 120-160 b$min 21 ; zone 5: .160 b$min 21 ) was also collected (24). Global positioning system and HR data were downloaded to a computer through the STAT-Sport analysis software (STATSport Viper 1.2) to be stored and analyzed after each game. On downloading, each GPS unit was labelled as the playing position. First and second half data were identified by a time stamp and manually exported into a Microsoft Excel spreadsheet (Microsoft, Redmond, WA, USA).

Statistical Analyses

All statistical analyses were performed using SPSS for Windows (version 22; SPSS, Inc., Chicago, IL, USA). Descriptive analysis and assumptions of normality were verified before parametric statistical analysis was used. The analysis was performed using a 2-way (position 3 half ) mixed design (analysis of variance) with a Bonferroni post hoc test. The dependent variables across the range of analysis were TD, HSR distance, sprint distance, the total number of sprints (n), HRpeak, HRmean, and time spent in each HR zone, with match periods and playing positions as independent factors. When significant main effects were observed, a Bonferroni post hoc test was applied. Standardized effect sizes (ESs) were calculated with ,0.2, 0.21-0.6, 0.61-1.20, 1.21-2.00, and 2.01-4.0 and interpreted as follows: trivial, small, moderate, large, and very large differences, respectively, as recommended by Hopkins (11). Statistical significance was set at an accepted level of a = 0.05. Data are presented as mean 6 SD and 95% confidence intervals (95% CIs).

RESULTS

Descriptive statistics for TD, relative speed, HSR, the total number of sprints, length of sprint, sprint distance, HRpeak, and HRmean are presented in Table 1. Results showed that No differences were found between positions for the total number of sprints, mean length of sprint, HRmean, and HRpeak in the second half.

DISCUSSION

The aims of the current study were to describe the physical and physiological demands of elite male U21 hurling matchplay across halves of play and between positions. As hypothesized, the physical and physiological demands decreased between halves and differences exist between positions for some, but not all, metrics. The overall total running performances were lower than those found at elite senior hurling level (6). Trivial to moderate decreases were observed between halves for TD, relative speed, HSR, HRpeak, and HRmean, whatever the playing position. Positional differences existed for TD, relative speed, HSR, and sprint distance, but not for the number of sprints, HRpeak, and HRmean during the full duration of match-play. In addition, each position performed a lower TD in the second half compared with the first half. To the best of the authors' knowledge, the current study was the first to examine the physical and physiological profiles across halves of play and positional lines during elite male U21 hurling match-play. Therefore, cross-comparison to previous literature in hurling is challenging. Independent of playing position, players at elite U21 hurling covered a lower TD (6,688 6 942 m), and distance covered in the passive (3,110 6 334 m), slow (1797 6 463 m), and medium (1,576 6 589 m), HSR (815 6 274 m), and sprint distance (319 6 129 m) zones compared with senior hurling. It is important to note the difference in playing time between elite U21 (60 minutes) and elite senior (70 minutes) levels. The 10 minutes additional playing time will almost certainly account for the greater TD and distance at each intensity being covered in the senior game. However, when relative speed is compared between these levels, U21s covered a similar distance to seniors (109 6 17 m $min 21 ) (6). The current results showed that TD was greater than that reported in youth Gaelic football at both under-15 (U15) level (5,732 6 1,047 m) and under-18 (U18) level (5,774 6 737 m) (8,24). Differences in Gaelic football team tactics, the players' age (U18), and the physiological capacity between levels may account for a higher TD being performed at U21 level (21). The players in the current study covered less TD compared with U16 soccer players (6,600 6 1,480 m) (1) and U18 elite Australian football players (10,786 6 2,052 m) (10). The longer playing duration (soccer 2 3 40 minutes; Australian football 103 6 12 minutes), differences in technical skills, and rules between matches may have accounted for covering less distance by U21s.

In addition, comparable maximum speeds (29.6 6 2.2 km$h 21 ) and sprint distance (.22 km$h 21 ; 319 6 129 m) (6) were performed between U21 and senior players. The resemblance in gaining and maintaining possession to score, the playing rules, playing numbers, and pitch size between both levels may account for similar relative speed, sprint distance, and maximum speed being performed. In addition, players at U21 level performed a higher sprint distance than observed in U15 Gaelic football (198 6 147 m). However, differences in the sprinting speed zone ($20 km$h 21 ) classification used previously at U18 Gaelic football level made it difficult to directly compare with the present results (8). The total number of sprints completed at both U15 (19 6 5) and U18 (18 6 5) youth Gaelic football players were similar to the current study's findings. The mean length of sprint performed by U21 hurlers is similar to that performed in elite senior and underage soccer (16-19 m) (1,9,28). However, there is no comparable data available for the mean length of sprint in hurling match-play. Previously, it has been found that comparable match-play relative speed and speeds were covered in hurling small-sided games (13). Thus, training activities that include small-sided games would be of benefit to prepare hurlers for match-play. Moreover, HRmean (166 6 11 b$min 21 ) at U15 level was also comparable with the current study's findings (8,24). No HRmean values were reported at U18 level, only as a percentage of HR maximum, making a direct comparison difficult (8).

Moderate decreases in TD, relative speed, HSR, HRpeak, and HRmean were found between first and second halves. Similar running performance decrements were observed in elite senior hurling and senior Gaelic football players (6,16,17). These between-half decrements may be because of motivation, energetic status, tactical demands, or other match-related factors (6,26). It can be argued that fatigue affects running performance, as substitutes were found to perform more running per minute than those who played the full duration of matches (4,20). There was no difference in the total number of sprints, length of sprint, and sprint distance found between halves. Given the small number of sprints performed in the first half, players may have recovered to repeat a comparable amount in the second half. The ability to maintain HSR ($18 km$h 21 ) has been shown to be a critical aspect of performance and match outcome in soccer (20,27). Given the significant drop-off observed in the current study, training activities that prepare players to sustain HSR for the duration of match-play may be beneficial.

Players in the full back line performed the least TD, with significant differences found between half backs, midfielders, and half forwards but not the full forward line. Furthermore, the half forward line covered significantly more TD than the full forward line. Interestingly, contrary to previous findings in elite senior hurling, midfield players in the current study performed similar TD compared with half backs and half forwards (6). The dynamic nature of the half back, midfield, and half forward positional roles may account for those positions performing a greater TD than players in the full back and full forward positions. During the game, midfield, half back, and half forward line players may retreat into their own half to gain possession while defending and move into the opposition half while attacking. In contrast, the full forward line usually remains close to the opposition goals to provide an option to gain possession from clearances and to score goals. The full back line performs similar movements to the full forward line as their role is to mark them tightly to prevent them gaining possession and scoring. Because half forwards and half backs retreat into a defensive position toward their own goals to regain possession from puck outs, this additional movement may account for similar distances being covered by midfielders. Senior elite hurling players performed greater TD in each position (full backs: 6,548 6 786 m; half backs: 8,046 6 686 m; midfield: 8,999 6 676 m; half forward: 7,975 6 845 m; full forward: 6,530 6 1,112 m) compared with U21 players. The 10 minutes of additional match time in senior hurling matches compared with U21 hurling may account for senior players covering more TD. Furthermore, differences in HSR exist between full backs and half forwards. In the current study, there was no difference between full back, midfield, and full forward positions for sprint distance. However, an interesting finding showed that half forwards covered a greater sprint distance than half backs as these positions are supposed to be marking each other. A possible reason may be because of a common tactical ploy performed just as a puck out is being taken. Players in the half forward line often sprint to the opposite side of the field to create space and run to the oncoming ball to gain possession. Frequently, however, players in the half back positions employ a zonal marking tactical ploy and remain in place and mark the half forward that is approaching their position.

Overall, the current players performed a lower relative speed in the second half compared with the first half. From the current results, it is unclear if match outcome, fitness levels, or team tactics influenced the decrease in performance (6). In addition, only full forwards performed a significantly lower HSR distance and a total number of sprints in the second half. Previously, it has been shown that the majority of HSR efforts occur close to the ball, hence a limited amount of ball possessions in the second half may account for these decreases (22). Full backs covered less relative speed than half backs, midfielders, and half forwards in the first half and midfielders and half forwards in the second half. Further differences in distance covered exist at HSR velocity, where full backs covered less than half forwards in the first half and less than midfielders in the second half. Compared with half backs, midfielders, and half forwards, full backs attempt to stay close to the goal to decrease the opportunities to concede goals. Conversely, half back, midfield, and half forward line positions can move freely to gain possession and create scoring chances. Such different tactical actions could be responsible for players in the full back line performing less relative speed and HSR distance. Half forwards covered a greater sprint distance than half backs in each half. As previously suggested, the half forwards' role in creating space and gaining position often sees them moving into the opposite end of the field, whereas in contrast, the half back line often remains in their defensive position to deny the space available to full forward line.

The results from the current study reported similar HRmean in first and second halves compared with senior elite hurling players (first half 163 6 14 b$min 21 , second half 160 6 15 b$min 21 ) (5). The similarity in players' age, the common technical skills of striking, soloing, tackling for possession, and running to support players in possession in both U21 and senior level hurling matches may account for the comparable HRmean results. Related findings were observed in elite youth (166 6 11 b$min 21 ) and senior Gaelic football (169 6 9b $min 21 ) matches (23,24). The comparable invasion-type game, number of players, and size of pitch may account for these similarities. Temporal decrements were observed in HRmean between halves. Given the global running performance decreased in the second half, this may explain players reaching a similar HRmean compared with the first half. Players in the current study spent a higher percentage of match time over 160 b$min 21 than any other HR zone, which is comparable with elite youth Gaelic football players (61 6 24%) (24). Differences were observed between halves in the top 3 HR zones. Players spent a longer time in the highest HR zone (.160 b$min 21 ) in the first half and a greater time in HR zone 4 (120-160 b$min 21 ) and zone 3 (80-120 b$min 21 ) in the second half. Furthermore, no differences in HRmean and HRpeak were shown between positions. Even though full backs covered the least TD, they performed a similar total number of sprints and sprint distance compared with other positions. Repeating sprints over a variety of distances may have kept their HR elevated. Half backs, half forwards, and full forwards all experienced a decrease in HRmean between halves. Each position also performed less TD, HSR, and sprint distance between halves. This reduced volume of activity may have resulted in a lower HRpeak and HRmean in the second half.

The present study comes with some acknowledged limitations. First, the current study did not consider the level of opposition or match outcome. This might have influenced the match running and HR values. Second, no measure of the number of times the ball entered each half was included. It has been previously shown that HSR occurs close to the hurling ball (22). Including the number of times the ball entered each half within the study may help explain the differences in running and HR values between positions. Further analysis of the work rate demands that include accelerations, decelerations, and metabolic power profiles of U21 hurling players need to be investigated. Finally, Copyright © National Strength and Conditioning Association Unauthorized reproduction of this article is prohibited.
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U21 championship games can often take place 3 days after elite senior games. Players who play in both games may still be experiencing fatigue from the senior game; this may have influenced the results.

PRACTICAL APPLICATIONS

Trainers and conditioners involved in preparing U21 hurlers should be aware of the running and HR values completed within matches as the requirements are different from seniors. Performance decrements were observed between halves for TD, relative speed, and HSR. Training activities need to be carefully planned to sufficiently prepare players to be able to repeat TD, relative speed, and HSR distance for the full duration of the match. Players in the full back line covered less TD compared with half backs, midfielders, and half forwards. However, they perform a similar number of sprints, mean length of sprint, and sprint distance. The commonality among the middle 3 positions (half backs, midfielders, and half forwards) emphasizes the need for players to be able to complete the same running performance. Players in all positions should complete similar training activities that allow them to perform the same amount of sprints. Monitoring TD, relative speed, HSR, and sprint distance should be undertaken to ensure players in particular positions can achieve the necessary volume required. Furthermore, management selecting players to play in the half back and half forward positions should consider those players who can complete similar running performances to midfielders. The highest percentage of match time is spent above 160 b$min 21 ;t h e r e f o r e ,m o n i t o r i n gH R within training is important to ensure that the activities being performed are intense enough to elevate HR similar to match-play. Strategies to reduce the temporal deterioration between halves need to be investigated. Coaches should consider the player's running and HR match-play performances to maximize the planning and implementation of training activities.

Study IV -The match heart-rate and running profile of elite under 21 hurlers during competitive match-play

What we know now  TD, relative speed, HSR, sprint distance, the total number of sprints and the mean length  Between-half decreases were evident in TD, HSR and HRmean with no significant positional differences observed in TD, HSR, number of sprints, length of sprint, HRpeak and HRmean between half-backs, midfielders and half-forwards.

Practical Applications

 Training activities need to be carefully planned to sufficiently prepare players to be able to repeat TD, relative speed and HSR distance for the full duration of the match.

 The commonality among the middle three positions (half-backs, midfielders and halfforwards) emphasises the need for players to be able to complete the same running characteristics.

 Players in all positions should complete similar training activities that allow them to perform the same amount of sprints.

 Management selecting players to play in the half-back and half-forward positions should consider those players who can complete similar running characteristics to midfielders.

 The highest percentage of match time is spent above 160 b•min -1 , therefore monitoring HR within training is important to ensure that the activities being performed are intense enough to elevate HR similar to match-play.

Results from the match-play demands of U17 and U21 hurling competitions have shown that there are differences between positions and between playing halves. Previous research in hurling has also shown differences in senior hurlers, with midfielders players undertaking the highest running characteristics (TD, HSR, and sprint distance) compared to backs and forwards (Collins et al., 2018). Notwithstanding, no positional differences have been reported for average speed, number of sprints and the mean length of sprint for senior hurlers.

In addition, the between-half total sprint distance, number of sprints and the mean length of sprint are not yet known at senior level. Finally, as the role of each position differs, specific between-half changes in running characteristics and HR could be highlighted, since previous studies have failed to include this analysis.

Therefore, the current study aimed to examine the temporal differences in match running characteristics and HR in elite senior hurling players between halves of play and field positions.

INTRODUCTION

H

urling is one of the national sports played in Ireland. All players represent their subelite (club) team where the best players are selected to represent their elite (intercounty) team [START_REF] Young | Match-play performance comparisons between elite and sub-elite hurling players[END_REF]. Elite-level games attract large attendances of over 80,000 people at the finals in Croke Park with several million people watching on television around the world (34). Counties compete for a Provincial and All-Ireland elite Championship during the playing season of February to September (34). The game is played on a pitch (140 3 90 m) that is 40% larger compared with a soccer pitch (110 3 70 m) and contested by 2 teams of 15 players (1 goalkeeper and 14 outfield players) over a duration of 70 minutes (35 minutes per half ). The primary objective of the game is to outscore the opposing team. Scores are awarded by striking the ball through the opposition goalpost (similar to rugby). A goal (3 points) and a point (1 point) are awarded once the ball successfully crosses the goal line either under or over the crossbar, respectively (34). This invasion-type stick and ball game is physically demanding with periods of high-intensity efforts that are common in other team sports (8). Players' physical, technical, and tactical roles differ between the 5 unique positions (full backs, half backs, midfielders, half forwards, and full forwards) (8,[START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. However, few attempts have described the physical match-play performances of hurling, which may help coaches to prepare players for competition (7,[START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF][START_REF] Young | Match-play performance comparisons between elite and sub-elite hurling players[END_REF].

Global positioning systems (GPS) and heart rate (HR) technology have recently been used to quantify the players' training and match-play loads (7,8,23,[START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF][START_REF] Young | Match-play performance comparisons between elite and sub-elite hurling players[END_REF]. These technologies have been shown to provide valid and reliable measures of team sports performance (10,14). Many studies have used 1-5-Hz GPS units during their data collection (7,8,23,26,27). However, it has been reported that such units may lack the sensitivity to quantify changes in high-speed movement compared with 10 to 15 Hz (17). Several studies have reported the match-play running performances in team sports using GPS (11)(12)(13)18,20,29,37). Total distance (TD), relative distance, high-speed running (HSR), sprint distance (SD) (8,40,[START_REF] Young | Match-play performance comparisons between elite and sub-elite hurling players[END_REF], peak velocity, the number of accelerations and decelerations (8), and the worst-case scenarios (40) have previously been reported at senior level. However, although sprint efforts (SE) and the mean length of sprint is known at U21 hurling level [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF], no data are currently available for senior hurlers. Monitoring players' HR during match-play has previously been used to describe the intensity of team sport [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF][START_REF] Young | Match-play performance comparisons between elite and sub-elite hurling players[END_REF]. Senior hurlers' HR mean (HRmean) and HR peak (HRpeak) values have been recorded (7,[START_REF] Young | Match-play performance comparisons between elite and sub-elite hurling players[END_REF]. However, adding the percentage of time in each specific HR zone could provide an indication of the physiological responses to the match-play running demands in senior hurling (14). A higher percentage of match-time was spent over 160 b$min 21 compared with any other HR zone in both U21 hurling [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF] and youth Gaelic football (33). These data are not currently available for senior hurlers. Quantifying these additional running performances and the percentage of time spent in each HR zone could provide a more detailed description of the physical demands of senior hurling, which will help coaches replicate these demands in training. Indeed, as previously reported, spending elements of training time within the high-intensity HR zone were shown to increase hurling players' aerobic fitness characteristics (21,24). Furthermore, the use of small-sided games (SSG) was found to replicate these match-play demands (22,25).

Positional differences in match-play running performances have been found in hurling (8,[START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF], like other team sports (6,12,18). Differences in TD, HSR, SD, and the number of accelerations have been found between positions in senior hurlers, with midfielders undertaking the highest running performances (TD, HSR, and SD) compared with backs and forwards (8). Notwithstanding, no positional differences have been reported for relative distance, SE, and the mean length of sprint for senior hurlers. However, a full detailed description of all these positional metrics is available for U21 hurlers only [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. Consequently, quantifying these additional running performances can provide a more detailed profile of the match-play positional differences in senior hurlers. Although there were positional differences observed in the running performances, there was no difference in the HRmean and HRpeak found between positions at U21 hurling level [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. Positional HR data are not currently available for senior hurlers. The physiological response to these match-play positional differences could be used to prescribe position-specific conditioning for hurlers [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF].

Although the total accumulated distances and HR can give a global indication of the match-play demands, an analysis of how these metrics change as the game progresses could indicate the most demanding periods of play. It has been shown that temporal decrements in running performances exist within team sports, with both low-and highintensity movements being reduced from first to second half (6,18,27). This has been suggested to be related to the transient fatigue experienced throughout the game (31). Presently, temporal decrements in running performance are reported at senior level (elite and subelite) (8,[START_REF] Young | Match-play performance comparisons between elite and sub-elite hurling players[END_REF] and U21 hurling level [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. However, the work rate of elite senior hurling match-play study only included temporal decrements in HSR (8), and the study that investigated the differences in elite and subelite senior hurlers [START_REF] Young | Match-play performance comparisons between elite and sub-elite hurling players[END_REF] used different speed zone classifications to those used at U21 level [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. In addition, the between-half total SD, SE, and the mean length of sprint are not yet known at the senior level. Finally, as the role of each position differs, specific between-half changes in running performances and HR could be highlighted because previous studies have failed to include this analysis. Knowledge of the positional temporal decrements may inform conditioning practices and tactical changes both between positions in-game and the timing of substitutes. Therefore, the aims of the current study were to (a) describe the between-half temporal decrements in match-running performance and HR values of elite senior hurling players using 10-Hz GPS and HR technology and (b) examine the changes in running performance and HR values during elite match-play competition with respect to position. It was hypothesized that both match-play running performance and HR values would decrease between halves and would be positionspecific.

METHODS

Experimental Approach to the Problem

The current observational study was designed to examine temporal differences in match-running performances and HR between halves of play and field positions during elite senior hurling match-play competition. All players in the current study were competing at the highest level (Provincial and All-Ireland Senior Championship) and were selected, as they were members of the county's squad that season (2016-2018, February to September). Data were only included if a full match (70 minutes) was completed. The players were classified according to their playing position during each match. The following number of data sets per position were assessed, full backs, n = 44; half backs, n = 44; midfielders, n = 30; half forwards, n = 44, and full forwards, n = 44. Each player supplied a mean of 4.29 files over 3 playing seasons (2016-2018). All games (2016: n = 4, 2017: n = 8, and 2018: n = 6) took place between 14.00 and 21.00 hours, and temperatures ranged from 12 to 228 C. Global positioning system was used to determine specific running performance variables, and HR monitors were used to collect HR during match-play. The players were requested to abstain from strenuous physical activity in the 24 hours before competitive matches and to report to the game fully hydrated [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. Forty-eight (n = 48) elite male hurlers with a mean (6SD) age, height, and body mass of 27 6 5 years, 181 6 6 cm, and 88 6 5 kg, respectively, volunteered to participate in this study. After ethical approval, the subjects were informed of the purpose, procedures, and potential risks involved. They were also informed that they were free to withdraw from the study at any time. Written informed consent and medical declaration were obtained from the participants in line with the procedures set by the local institution's Research Ethics Committee. The University Bourgogne Franche-Comte Éthics Committee approved all procedures, and the study was conducted according to the Declaration of Helsinki (1975) for studies involving human subjects.

Procedures

Height and body mass without footwear and minimal clothing using a stadiometer (Seca 217; Seca Ltd., Hamburg, Germany) and Seca Weighing Scales (Seca Ltd.) were recorded during the familiarization session. The running performances were recorded using 10-Hz GPS units and 100-Hz triaxial accelerometer (STATSports, Viper, Northern Ireland) (2,5,40,[START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. The number of satellites was 19 6 7, and the horizontal dilution of precision was 1 6 1 across all games (41). Global positioning system data were downloaded and further analyzed by STATSports, Viper software (firmware: 2.7.1.83). The validity and reliability of these GPS units have been previously established (3). Such GPS units reported distance bias of 2.53% during 10-m shuttle runs and a bias of 3.5% in average speed during 20-m shuttle run (3). Intraunit reliability showed a coefficient of variation of 1.6% during 400-m distance trial (4). These units have shown a match-to-match coefficient of variation of 17.2% for HSR distance. The GPS unit (dimensions: 86 3 33 3 14 mm, mass 50 g) was placed within a pouch between the player's shoulder blades (upper thoracic spine) in a sports vest and worn under the playing jersey. Global positioning system activation and satellite lock were established 15 minutes before warm-up commencement (19). Beat-by-beat HR was continuously collected using a HR transmitter belt (Team Polar; Polar Electro Oy, Kempele, Finland), which was worn around the subject's chest [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. Monitoring HR has been shown to be a valid measure of exercise intensity in invasion games (35). The participants were familiarized with GPS and HR technology during team training sessions before data collection.

Data collected from the GPS units included TD (m) and relative distance (m$min 21 ). The intensity of each movement was categorized as the distances covered (m) in the following zones, passive: #6.9 km$h 21 , slow: 7-11.9 km$h 21 , medium: 12-16.9 km$h 21 , HSR: 17-21.9 km$h 21 , and SD: $22 km$h 21 (8,[START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. The total sprints' efforts ($22 km$h 21 ) and the mean length of sprint were collected (8,[START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. Peak HR (HRpeak) was taken as the highest HR recorded during the game and per half. HRmean was assumed as the mean value of HR attained by the player during the entire competitive match-play duration and per half [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. Time spent in each HR zone (zone 1: #50 b$min 21 ; zone 2: 50-80 b$min 21 ; zone 3: 80-120 b$min 21 ; zone 4: 120-160 b$min 21 ; and zone 5: .160 b$min 21 ) was also collected [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. Global positioning system and HR data were downloaded to a computer through the STATSport analysis software (STATSport Viper 1.2) to be stored and analyzed after each game. On downloading, each GPS unit was labeled as the playing position. First-and second-half data were identified by a timestamp and manually exported into a Microsoft Excel spreadsheet (Microsoft, Redmond, WA, USA).

Statistical Analyses

All statistical analysis was performed using SPSS for Windows (Version 22; SPSS Inc., Chicago, IL, USA). Descriptive analysis and assumptions of normality were verified before parametric statistical analysis was used. The analysis was performed using a 2-way (position 3 half ) mixed design (analysis of variance). When an interaction occurred, a Bonferroni post hoc correction was used to detect differences between positions (5 levels: full backs, half backs, midfielders, half forwards, and full forwards) and playing half (2 levels: first and second half ). In addition, a further analysis of covariance was performed to detect a possible difference in temporal decrements between positions, considering first half as covariate. The dependent variables across the range of analysis were TD, relative distance, HSR distance, SD, the total SE (n), mean length of sprint, HRpeak, HRmean, and time spent in each HR zone, with match periods and playing positions as independent factors. Standardized effect sizes (ES) were calculated with #0.20: trivial, 0.21-0.60: small, 0.61-1.20: moderate, 1.21-2.00: large, and 2.01-4.00: very large, as recommended by Hopkins (16). Statistical significance was set at an accepted level of a , 0.05. Data are presented as mean, 6SD, and 95% confidence intervals (95% CIs).

RESULTS

The descriptive statistics for TD, relative distance, HSR, SE, mean length of sprint, SD, HRpeak, and HRmean are presented in Table 1. The results showed that elite male senior hurling players covered 112 6 16 m$min 21 with the greatest distance covered in the passive zone (3,073 6 408 m: 95% CI 3,016-3,113). The distance covered in slow and medium zones was 1,838 6 415 m (95% CI 1,832-1,908) and 1,699 6 519 m (95% CI 1,695-1,786), respectively. High-speed running (851 6 307 m) and SD (340 6 109 m) accounted for 11% and 4%, respectively, of the TD covered during match-play. The maximum velocity was 30.3 6 1.8 km$h 21 .

The between-half differences for relative distance, HSR, and SD are shown in Figure 1 The descriptive statistics for TD, SE, mean length of sprint, HRpeak, and HRmean per position per half are presented in Table 2. Only half backs and full forwards performed a lower (trivial) TD, relative distance, and mean length of sprints in the second half. High-speed running decreased from first to second half in the half backs (trivial), midfield (moderate), and half forwards (moderate). The SD decreased (small) only for midfielders and half forwards with half backs the only position to perform a smaller SE in the second half compared with the first half. All positions except half forwards had a small-to-moderately lower HRpeak in the second half (Table 2). 

DISCUSSION

The current study aimed to describe the temporal decrements in match-running performance and HR in elite senior hurling players and examine these changes with respect to position. The overall total running performances were similar to previously found at the elite senior hurling level (8). Between-position differences existed for TD, relative distance, HSR, mean length of sprint, SD, and HRpeak but not for SE and HRmean during the full duration of match-play.

Although it was hypothesized that fatigue would affect the between-half running performances, the current results show that the between-half decrements were trivial or small. Overall, trivial decreases in TD and relative distance and small decreases in HSR, SE, SD, HRmean, and HRpeak were observed between halves, whatever the playing position.

Half backs were the only position to decrease in all metrics except for SD. In addition, half backs, midfielders, and half forwards performed lower HSR in the second half, whereas full backs and full forwards maintained HSR in both halves. Previous work rate demands in senior hurling showed that players covered similar TD (7,617 6 1,219 m), SD (319 6 129 m), and maximum speed (29.6 6 2.2 km$h 21 ) to those found in the current study (8). In addition, the relative distance in this study compares with previous findings in elite senior hurling (;109 m$min 21 ) (8), U21 hurling (;112 m$min 21 ) (41), Gaelic football (;116 m$min 21 ) (27), and soccer (;113 m$min 21 ) (37), but larger than that found in subelite senior hurling (;93 m$min 21 ) (42) and rugby (;85 m$min 21 ) (15). In subelite hurling, the differences in the ballin-play time, technical skills performed, and the off-the-ball movements may explain the discrepancies between elite and subelite senior hurlers. In rugby, in addition to the difference in pitch size, the high-contact nature where players are tackled and brought to the ground may limit the time to run and may restrict the distances covered per minute compared with the present results in elite hurling. High-speed running in the current study is lower than that previously reported in senior hurling and Gaelic football players (8,26). However, this study separated HSR and SD to allow coaches to prescribe specific training content per running speed. As U21 hurlers move up to compete at the senior level, specific speed zones are necessary to aid the transition between levels [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. Senior hurlers in this study covered more HSR and SD than U21 hurlers [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF], although this is almost certainly due to the additional 10-minute match duration in senior hurling games, given the similar relative distance covered [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. The current results show that a shorter mean length of sprint was performed compared with 21 6 5 m in rugby (30), 21 6 3 m in soccer (1), and 27 (95% CI 24.0-30.9) m in Australian football (11). There are no previous data for the mean length of sprint in senior hurling, but the current results are similar to those found at U21 level (16 6 5 m) [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF].

Differences in speed-zone classification make it difficult to compare the mean length of sprint between sports. Importantly, the differences in methods of carrying the ball between these team sports may account for these differences. In hurling, players are only permitted to carry the ball in their hand for a maximum of 4 consecutive steps, after that they must carry the ball on their hurley where opposition players are free to dispossess them. Once the player has been tackled and has their number of steps taken, they may have to change their speed and change their direction to avoid the opponent or regain possession if dispossessed. Therefore, their speed may drop below the sprint threshold ($22 km$h 21 ). By contrast, rugby players can carry the ball for an unlimited number of steps; in Australian football, players are permitted to carry the ball for 10 consecutive steps and in soccer, the ball is on the ground where players can kick and give chase. Thus, the sports-specific game rules may account for the differences between these team sports.

The hurlers in this study recorded similar HRmean compared with players in U21 hurling (165 6 9b $min 21 ) (41), Australian football (168 6 8b$min 21 ) (38), soccer (165 6 11 b$min 21 ) (20), and rugby (172 b$min 21 : 95% CI 167-177 b $min 21 ) (13). Senior hurlers' HRpeak was also similar to U21 hurlers (190 6 7b $min 21 ). The similarity in the intensity of HSR, SE, and SD in each game may account for the similarity in reaching HRmean and HRpeak. It has been shown that comparable relative distance and running speeds with the present competitive match-play results have been achieved in small-sided hurling training games (23). Thus, using small-sided games within hurling training would be of benefit to replicate the match-play competitive demands of senior hurling.

The TD, relative distance, HSR, SE, and SD all decreased in the second half. Temporal decrements in running performance between halves were also previously found in hurling (8,[START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF][START_REF] Young | Match-play performance comparisons between elite and sub-elite hurling players[END_REF], Gaelic football (27), soccer (6), and rugby (18). These between-half decrements may be due to motivation, opposition dominance, or other match-related factors (8,36). In addition, substitutes in soccer were found to perform more running per minute than those who played the full duration of matches (31). The players' relative distance, HSR, and SD all experienced similar decrements. However, the decrements observed in this study were trivial to small and in a lesser extent compared with subelite senior hurling and U21 hurling level [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF][START_REF] Young | Match-play performance comparisons between elite and sub-elite hurling players[END_REF]. It may be argued that the volume and frequency of training at the elite senior level is higher than at the subelite senior and U21 levels, this may account for lower decrements found at the senior level. In addition, elite senior hurlers have access to 1 and sometimes 2 strength and conditioning coaches, whereas subelite senior and U21 hurlers rarely do. This lack of specialized guidance offered by these strength and conditioning coaches may also be a factor in players at the subelite or U21 level experiencing greater temporal decrement in the second half. In addition, elite senior hurlers are permitted 15 minutes for Journal of Strength and Conditioning Research the half-time compared with 10 minutes for subelite and U21 hurlers. This additional 5-minute recovery in the middle of the game may account for the lower temporal decrements at the senior level. The overall match duration of senior hurling is 10 minutes shorter than rugby and Australian football and 20 minutes shorter than in soccer. Therefore, this reduced match time in hurling may limit the temporal decrement experienced between halves compared to other team sports with longer match duration (6,11,18). With minimal between-half running decrements observed in the current study, conditioning the players to prevent fatigue should not be the only focus of training. Thus, additional time may be allocated to develop the technical and tactical elements of the game.

Hurlers' HR values (HRmean and HRpeak) decreased in the second half. These results are in agreement with those found previously in hurling and other team sports (7,13,34,[START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. Previous HRmean data in a competitive senior (first half: 163 6 14 b$min 21 vs. second half: 160 6 15 b$min 21 ) and U21 (170 6 9b$min 21 vs. 161 6 12 b$min 21 ) hurling match showed temporal decrements between first and second halves (7,[START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. Similar HRmean decrements were found between halves in rugby (177 vs. 167 b$min 21 ) (13), soccer (164 6 1 vs. 158 6 1b $min 21 ) (32), and Australian football (173 6 8b $min 21 vs. 163 6 16 b$min 21 ) (38). Hurlers in this study spent the longest time above 160 b$min 21 in the first half, which is similar to what was found in U21 hurlers [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. The time spent in each HR zone changed between halves in the current study. There was less time spent above 160 b$min 21 in the second half compared with the first. This time was distributed across the next 3 lower HR zones (50-80 b$min 21 , 80-120 b$min 21 , and 120-160 b$min 21 ) in the second half. Such a shift toward a greater time in the lower HR zones is coupled with the trivial-to-small decrements in running performance. Previously, it has been suggested that team sports athletes may adopt an efficient pacing strategy to meet the match-play demands (9,39). Thus, players who completed the full game may have adopted a pacing profile, as observed by the minimal decline in total and HSR distance.

Results from the current study are the first to describe the positional between-half decrements in senior hurling. Previously, between-half decrements have been observed in elite and subelite senior [START_REF] Young | Match-play performance comparisons between elite and sub-elite hurling players[END_REF] and U21 hurling [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. The typical role of each position and their pitch location in hurling may account for the difference in running and HR performance, similar to other team sports (1,18,27,28). Both full backs and full forwards are located closer to the goal and tend to remain there to score or prevent scores (40). By contrast, half backs, midfielders, and half forwards are located around the middle of the field and may spend more time closer to the ball than full backs and full forwards (8,[START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. Therefore, as the majority of HSR actions have been reported to occur close to the ball (34), these positions around the middle of the field (half backs, midfielders, and half forwards) may be involved in more ball-related actions, which may have had an impact on the players' running and HR results. Full backs had a higher HRpeak compared with half backs. There was no difference in HRmean between positions. Half backs covered more TD, relative distance, and HSR distance than full backs. Half backs, midfielders, and half forwards covered more HSR distance compared with full backs and full forwards. Similar results have been found in U21 hurling [START_REF] Young | The match heartrate and running profile of elite under 21 hurlers during competitive match-play[END_REF]. A general hierarchy was also found in senior elite hurling, midfielders covered more HSR distance than any other position, with both full backs and full forwards covering the least (8). Teams' tactical style of play, where they strike the ball directly to land in the full forward line may also account for the limited running required by the full forwards and full backs compared with half backs, midfielders, and half forwards who have to run toward those in the full back or full forward positions to support them in attack or defence [START_REF] Young | Match-play performance comparisons between elite and sub-elite hurling players[END_REF].

All positions recorded their highest HRpeak in the first half and experienced trivial to small decrements in the second half. The highest running demands were performed in all positions in the first half, and this may explain the HRpeak being higher in the first half. Half backs experienced moderately greater decrement in HRmean between halves compared with midfielders and half forwards. This greater decrease in HRmean in full forwards may have derived from a reduction in TD in the second half. Half backs (TD, SE, and a small increase in the mean length of sprint), midfielders (SD), and half forwards (SD) experienced small decrements in running performance between halves. By contrast, full backs showed no decrement in any metric between halves, whereas the full forwards had a small decrement in TD and relative distance in the second half. The half backs role in running back and laterally along the line to offer the full backs protection may explain the decrement in running performance in the second half. As midfielders and half forwards covered similar TD distance in each half, this may have caused fatigue, which was observed in the decrease in SD. Full forwards experienced a largely greater decrease in TD and relative distance between halves compared with midfielders and half forwards. As full forwards engaged in more demanding actions (greater mean length of sprints) in the second half, this may have resulted in greater fatigue compared with midfielders and half forwards. Therefore, this may explain the greater decrease in TD and relative distance in the second half in full forwards. In addition, full forwards had a smaller-to-moderately greater increment in the mean length of sprint between halves than full backs and midfielders, respectively. The full forwards, in an attempt to gain possession of the ball before the full backs, may run further toward the incoming ball to collect it, whereas the full backs may stay in a defensive position to prevent the full forwards scoring. In addition, midfielders in possession usually strike the ball into the full forward position to set up a score. The movement of the ball between positions may reduce the need for the midfielders to sprint with the ball into the full forward position. This may explain why full forwards experienced moderately greater increment in the mean length of sprint than midfielders. This study comes with some acknowledged limitations. First, the current study only assessed the running and HR values during match-play; no attempt was made to include the technical elements of the game. As hurling has been previously described as a fast and skillful game, future studies should include the technical aspects along with the physical demands to understand the impact technical skills have on running and HR during competition. Second, the speed of each sprint was calculated once players passed 22 km$h 21 . Thus, each sprint could be equal to this threshold ($22 km$h 21 ), but also could have been any speed up to the peak velocity value recorded. Accordingly, the actual intensity of the sprints across the duration of match-play needs to be further investigated. Finally, the current study presented time in HR zones per playing half. However, this is an accumulation of time spent in each HR zone and may not fully present the variability of HR during each half. Future studies should assess the variability of HR per minute and assess the variability across playing halves. In addition, further analysis of the match-play demands that include accelerations, decelerations, and metabolic power profiles of senior hurling players needs to be investigated.

PRACTICAL APPLICATIONS

The current study provides an insight into the temporal decrements in match-running performances and HR in elite senior hurling players between halves of play and between positions. With minimal between-half running decrements observed in the current study, conditioning the players to prevent fatigue should not be the only focus of training. Therefore, additional time may be allocated to develop the technical and tactical elements of the game. However, practice routines need to include longer lengths of sprints toward the end of practice. Coaches may consider position-specific conditioning for running performances (TD, relative distance, HSR, mean length of sprint, and SD) that show differences, but all positions can train together to perform the same SE. Conditioning for the half backs, midfielders, and half forwards needs to ensure that each position can repeat HSR distance for the full duration of match-play. In addition, those playing in the half back line experienced performance decrements in all running, HRmean, and HRpeak values except SD, although the total values were similar to that of midfielders. Half backs need to be conditioned to repeat these running performances for the duration of the game. Coaches may consider rotating players from the half back position to the full back position for periods during the game where TD, relative distance, and HSR is less demanding. The HR profile assessed as time spent in each HR zone changes in the second half. Monitoring HR within training could be used to ensure activities being performed are intense enough to elevate HR similar to match-play. 

Practical Applications

 With minimal between-half running decrements observed in the current study, conditioning the players to prevent fatigue should not be the only focus of training. Therefore, additional time may be allocated to develop the technical and tactical elements of the game.  However, practice routines need to include longer lengths of sprints towards the end of practice.

 Coaches may consider position-specific conditioning for running characteristics (TD, average speed, HSR, mean length of sprint, sprint distance) that show differences, but all positions can train together to perform the same number of sprints.

 Conditioning for the half-backs, midfielders and half-forwards need to ensure that each position can repeat HSR distance for the full duration of match-play. In addition, those playing in the half-back line experienced performance decrements in all running, HRmean and HRpeak values except sprint distance, even though the total values were similar to that of midfielders. Half-backs need to be conditioned to repeat these running characteristics for the duration of the game.

 Coaches may consider rotating players from the half-back position to the full-back position for periods during the game where TD, average speed and HSR is less demanding.

 The HR profile assessed as time spent in each HR zone changes in the second half.

Monitoring HR within training could be used to ensure activities being performed are intense enough to elevate HR, similar to match-play.

In the last three studies, the match-play demands of U17, U21 and senior hurlers were described. Specifically, results showed that senior hurling is a physically demanding intermittent high-intensity game. Details are presented for the TD and distance covered across five speed-zones, which include HSR and sprint distance. However, it has been proposed that a focus only on total sprint distance does not provide sufficient information about the physical demands in team sport due to the intermittent nature of match-play [START_REF] Schimpchen | Are "classical" tests of repeated-sprint ability in football externally valid? A new approach to determine in-game sprinting behaviour in elite football players[END_REF]. Furthermore, in invasion type games, there is a contest for possession, and given that the mean BIP time is short, players may have to perform a variety of sprint types throughout the match.

The lack of specific match-play sprint demands make the design and application of match-and position-specific sprint training difficult.

Therefore, the purpose of this study was to investigate the sprinting demands of elite hurling competition and characterise the sprinting patterns of different playing positions.

Introduction

Hurling is a field-based stick and ball invasion-type team sport native to Ireland, which is played between two opposing teams of 15 players. The aim of the game is to outscore the opposition by striking the ball between the opposition's goal posts [1], over the crossbar (1 point) or between and under the crossbar (3 points) [2,3]. The playing positions consist of 1 goalkeeper and 14 outfield players (full-backs, half-backs, midfielders, half-forwards, and full-forwards) who compete on a playing pitch which is 140 m long and 88 m wide over a duration of 70 minutes (min) (two 35-min halves) [2,3]. In each positional line, there is a convention of playerto-player marking, where the attackers' role is to invade the defenders' area and score. The defenders are tasked with preventing the attackers from scoring, while the midfielders act as a link between attack and defense [1,2]. Elite senior hurlers compete for National hurling League, Provincial and All-Ireland championships [1].

The use of global positioning satellite (GPS) technology has facilitated the collection of distances covered across low-and high-intensity efforts [2,[4][5][6][7][8][9][10][11][12]. Total distance (TD), relative speed, high-speed running (HSR), sprint distance, peak speed were reported at senior [9,10] and U21 level [2] using GPS. Elite senior hurlers [10] cover similar relative TD to elite U21's [2] but cover higher relative TD than sub-elite senior hurlers [9]. However, comparable peak speeds and total sprint distance have been found between senior (elite and sub-elite) [9,10] and U21 hurlers [2]. Positional differences in the match-play running performances have been found in hurling [2,10,13,14], like in other team sports [15][16][17]. Differences in TD and HSR were found between positions in hurlers, with midfielders in senior [10] and half-backs, midfielders and half-forwards in U21 undertaking the highest running performances (TD and HSR) [9]. Importantly, running performance decrements occur in the second half in hurling [2,9,10], similar to other team sports, which are also shown to be position specific [15,16,18].

In addition to the running metrics previously reported, the distance covered over 22 km�h -1 was identified as sprint distance in hurling [2,10]. Although previous research in senior hurling has provided important information about the match-play running demands, details which describe the sprint profile of players is limited to total sprint distance [10] and relative entries sprinting [9]. No research to date in senior hurling has provided information about the specific sprint demands of competitive match-play. Hurlers' total sprint distance was found to decrease in the second half and to be position specific in both senior [2] and U21 [10] hurlers. However, it has been proposed that a focus only on total sprint distance does not provide sufficient information about the physical demands in team sport due to the intermittent nature of match-play [19]. Indeed, while the number of sprints and mean length of sprint between halves and positions are reported in U21 hurling [2], they are unknown in senior hurling. Additionally, given the dynamic nature of team invasion games, players may have to reproduce peak speed or near-to-peak speed sprints over various distances interspersed with various recovery periods [19]. Consequently, an in-depth analysis of the sprint demands in hurling should consider the number of sprints over different distances and different durations, as assessed in soccer [19][20][21], Rugby League [22] and hockey [23]. In addition, describing the intensities of sprints starting from the lowest sprint threshold (22 km�h -1 ) up to the players' peak speed would provide coaches with specific details of the very high-intensity demands of competition. In various team sports, players are required to repeat high-speed actions followed by brief recovery periods [19][20][21][22][23]. This capability to reproduce sprints within a given period has been termed repeated-sprint ability [20]. It has been suggested that games could potentially be decided on occasions where repeated sprinting is required [19,23]. This repeated-sprint ability has been assessed in soccer [19][20][21], Rugby League [22] and hockey [23] but it is yet to be described in hurling.

Currently, there is no detailed sprint analysis data available for senior hurlers, which can inform coaches about the number, the lengths and the duration of sprints and the duration between sprints, the number of repeated-sprint bouts or the range of speeds achieved during sprint efforts. In addition, no information is available about the differences in sprinting demands between halves and between playing positions. The lack of specific match-play sprint demands makes the design and application of match-and position-specific sprint training programs difficult. Therefore, the aims of this study were 1) to describe the sprint analysis of elite senior hurling players during competitive match-play, 2) to describe the differences in sprint profiles between halves of play and 3) between positions. It is hypothesized that the sprint metrics would decrease in the second half and there would be a difference between positions.

Methods

Experimental approach to the problem

The current observational study was designed to examine the sprint demands of elite male senior hurling match-play across halves of play and between positions. All players in the current study were competing at the highest level (Provincial and All-Ireland Senior Championship) and were selected as they were members of the county's squad that season (2017-2018). All games (n = 18) took place between 14.00 and 21.00 hours during the competitive season (February-August). These games included all National Hurling League and Championship games played by the team over two seasons (2017-2018). The players were classified according to their playing position during each match. Data were only included if a player completed a full match (70-min). A total number of 182 data sets met this criteria and were include for analysis (full-backs: n = 38, half-backs: n = 39, midfielders: n = 28, half-forwards: n = 39 and full-forwards: n = 38). GPS was used to determine sprint performance variables during elite senior hurling match-play. The players were requested to abstain from strenuous physical activity in the 24 hours before competitive matches [2].

Subjects

Fifty-one (n = 51) elite male hurlers with a mean (± SD) age, height and body mass of 28 ± 4 years, 184 ± 6 cm, 88 ± 5 kg respectively, volunteered to participate in the study. All players were free from injury and had completed a minimum of an 8-week preseason training program. Each player had a minimum training experience of three years at elite senior level. Pre data collection all players participated in up to 3 organized field-training sessions, 2 gym-based sessions per week in the pre-season period and 2-3 field training sessions, and 1-2 gym-based sessions per week in the competitive phase of the season. After ethical approval, the subjects were informed of the purpose, procedures and potential risks involved. They were also informed that they were free to withdraw from the study at any time. Written informed consent and medical declaration were obtained from the participants in line with the procedures set by the local Institution's Research Ethics Committee. The Institute review board University Franche Comte ´ethical committee CPP Est-1 approved all procedures, and the study was conducted according to the Declaration of Helsinki (1975) for studies involving human subjects.

Procedures

Height and body mass were assessed without footwear and minimal clothing using a stadiometer and weighing scales (Seca 217, Seca Ltd., Hamburg, Germany). To determine the relative sprint thresholds between the existing sprint threshold (22 km�h -1 ) used in hurling and the highest speed, the players' peak running speed was assessed during the familiarization session. To establish the mean peak speed, all players undertook a 40 m maximal running speed test. Electronic timing gates set at 10 m intervals (Smart Speed, Fusion Sport, Queensland, Australia) [24] were used to record the fastest 10 m split time measured to the nearest 0.01 s. The players commenced each sprint from a standing start with their front foot 0.5 m behind the first timing gate and were instructed to sprint as fast as possible over the 40 m distance. Each subject performed 3 trials separated by at least 3-min of rest [25].

The match-play sprint performances were recorded using 10-Hz GPS units and 100-Hz triaxial accelerometer (STATSports, Viper, Northern Ireland: Firmware 2.28) [2,[5][6][7]. The validity and reliability of these GPS units for measuring high-speed distance and peak speed in sports have been previously established [26,27]. The distance bias in the 400 m trial, 128.5 m circuit, and 20 m trial was 1.99 ± 1.81%, 2.7 ± 1.2%, and 1.26 ± 1.04%, respectively. Peak speed measured by the GPS was 26.3 ± 2.4 km . h -1 , and a radar gun was 26.1 ± 2.6 km . h -1 , with a bias of 1.80 ± 1.93%. The major finding of this study was that GPS did not underestimate the criterion high-speed distance during a 400-m trial, 128.5 m circuit, and 20 m trial, as well as peak speed [27]. The GPS unit (dimensions 86 mm x 33 mm x 14 mm, mass 50 g) was placed within a pouch between the player's shoulder blades (upper thoracic-spine) in a sports vest and worn under the playing jersey. GPS activation and satellite lock were established 15-min before warm-up commencement [28]. The participants were familiarized with GPS technology during team training sessions before data collection [2].

Data collected from the GPS units included total sprint distance, the total number of sprints, the speed, the length and the duration of each sprint and the mean duration between sprints were collected [2,10]. A sprint was defined as running � 22 km�h -1 for at least 1 s [2,10]. The duration between sprints was defined as the time (s) elapsed since the previous sprint. Therefore, the time started after the first sprint in either half [19]. GPS data was downloaded to a computer through the STATSport analysis software (STATSport Viper 1.2) to be stored and analyzed after each game. On downloading, each GPS unit was labelled as the playing position. A timestamp identified first and second half data and then manually exported into a Microsoft Excel spreadsheet (Microsoft, Redmond, USA). Further separation of the sprint metrics was carried out in Excel. A repeated-sprint bout was defined as a minimum of 2 sprints that occurred within a maximum of 60 s duration between sprints [20]. The number of sprints which occurred between the following ranges < 20 m, and � 20 m were identified [22]. Each sprint was also further separated based on the players' peak speed result, using the following speed thresholds: < 80% (starting from 22 km�h -1 ), 80-90%, > 90% of the individual peak speed. Each sprint was then placed within one of the three categories and the number of sprints was counted.

Statistical analysis

All statistical analysis was performed using SPSS for Windows (Version 22, SPSS Inc. Chicago, IL, USA). Descriptive analysis and assumptions of normality were verified before parametric statistical analysis was used. Data are presented as mean, standard deviation (± SD) and 95% confidence intervals (CI). The analysis was performed using a two-way (position x half) mixed design (ANOVA). The dependent variables across the range of analysis were total sprint distance (m), the total number of sprints (� 22 km�h -1 ), the mean length of sprint, the number of sprints < 20 m, � 20 m, peak speed, the speed of each sprint (< 80%, 80-90%, > 90%), the duration of each sprint and the mean duration between sprints were collected. The match periods and playing positions were independent factors. Statistical significance was set at an accepted level of α < 0.05. Standardized effect sizes (ES) with 95% CI were calculated with � 0.2, 0.21-0.6, 0.61-1.20, 1.21-2.00 and 2.01-4.0 and interpreted as follows; trivial, small, moderate, large and very large differences, respectively as recommended by Hopkins [29].

Results

The descriptive statistics for total sprint distance, peak speed, the total number of sprints, the number of sprints per distance-and speed-category, the mean length of sprint, mean sprint duration, the duration between sprints and the number of repeated-sprint bouts for the total game and per half are presented in Table 1. The players' mean peak speed recorded in the 40 m sprint test was 31.5 ± 1.5 km�h -1 . The total sprint distance accounted for 5% of the overall TD covered during games. Senior hurlers' length of sprint ranged from the shortest distance of 7 m to the longest distance 33 m.

The descriptive statistics for the total number of sprints and the number of sprints per distance category, the mean length of sprint, mean sprint duration and the duration between sprints per position and per half are presented in Table 2. Full backs had shorter duration of sprints compared to half backs (p < 0.05, mean difference [MD]: -0.3 95% CI -0.7 to -0.0, ES = -0.75), midfielders (p < 0.05, MD: -0.4 95% CI -0.8 to -0.1, ES = -1.00), and full forwards (p < 0.05, MD: -0.3 95% CI -0.6 to 0.0, ES = -0.59). There was no difference (p > 0.05) in any of the other speed metrics analyzed between positions (Table 1). There was no difference (p > 0.05) in the total sprint distance between full backs (357 ± 149 m), half backs (411 ± 137 m), midfielders (461 ± 110 m), half forwards (422 ± 151 m) and full forwards (442 ± 127 m). Furthermore, there was no difference (p > 0.05) in the total sprint distance per half for each position (Fig 1).

The descriptive statistics for peak speed (km . h -1 ) and the number of sprints per speed intensity category and the number of repeated-sprint bouts (n) per position per half are presented in Table 3. Half backs performed a higher number of sprints < 80% compared to full backs (p < 0.05, MD: 3 95% CI 0-6, ES = 0.66). There was no difference (p > 0.05) in the peak speed (km . h -1 ) and the number of sprints between 80-90% and > 90% between positions. There was no difference (p > 0.05) in the number of repeated-sprint bout between full backs (4.3 ± 2.3), half backs (4.1 ± 2.6), midfielders (4.4 ± 2.6), half forwards (4.6 ± 2.6) and full forwards (5.0 ± 2.9). Furthermore, there was no difference (p > 0.05) in the number of repeated-sprint bouts per half for each position (Fig 2).

Discussion

The current study aimed to describe the sprint analysis of elite male senior hurling match-play across halves of play and between positions. As hypothesized, there was a decrease in sprint analysis metrics in the second half for most but not all metrics. Even though the differences were trivial-to-small, the total sprint distance, the total number of sprints, the number of sprints < 20 m and � 20 m, the number of sprints < 80% and > 90% and the repeated-sprint bouts were lower (p < 0.05) in the second half. In contrast, the mean length of sprint (small), the duration of sprint (small) and the duration between sprints (trivial) increased in the second half (p < 0.05). There were positional differences in the mean sprint duration during the full game. Full-backs had a shorter duration of sprints compared to half-backs, midfielders and full-forwards (p < 0.05). Furthermore, full-backs performed a lower number of sprints < 80% compared to half-backs (p < 0.05). Some positions experienced small decreases in the number of sprints (midfielders and half-forwards), number of sprints < 20 m (half-backs), � 20 m (half-forwards), mean sprint duration (half-backs and full-forwards), the duration between sprints (half-forwards), peak speed (midfielders), the number of sprints < 80% (half-forwards) and between 80-90% (midfielders) in the second half compared to the first. To the best of the authors' knowledge, the current study was the first to examine the sprint analysis across halves of play and between positional lines during elite male senior hurling match-play. The mean total sprint distance was higher than previously reported in elite senior hurling (319 ± 129 m) [10]. The current finding is larger than found in U21 hurling (274 ± 111 m) (2), soccer (237 ± 123 m) [30] and Australian football (328 ± 164) [31] but similar to those in Gaelic football (445 ± 269 m). The 10-min shorter match duration at U21 level [2] may explain the smaller total sprint distance covered compared to the present result. In addition, while a similar sprint zone threshold was used in Gaelic football, a higher sprint zone (� 24 km�h -1 ) was used in soccer [30] and Australian football [31] studies. Therefore, the distance players covered up to 24 km�h -1 in soccer [30] and Australian football [31] was not counted as sprint distance unlike in the current study (� 22 km�h -1 ). This may explain the higher total sprint distance in this study. Lastly, the 10-Hz GPS unit has been shown to be more sensitive in capturing high-intensity movements compared to GPS units measuring at 1 to 5-Hz [24]. The difference between the GPS units used in this study (10-Hz) compared to the units (4-Hz) used in the previous study [10] may explain the lower total sprint distance recorded.

Currently, there are no data to describe the total number of sprints and the mean length of sprint performed by senior hurlers. The different sprint zone classification (� 22 km�h -1 vs � 24 km�h -1 ) makes it difficult to compare between sports. The present findings compare favorably to the number of sprints in U21 hurling (� 22 km�h -1 ) (18 ± 8) [2], soccer (� 24 km�h -1 ) (17 ± 4) [19], but slightly lower than in Australian football (� 24 km�h -1 ) (22 ± 9) [31]. In contrast, senior hurlers' mean length of sprint is slightly shorter compared to rugby (21 ± 5 m) [32], soccer (21 ± 3 m) [30] and Australian football (27 m 95% CI 24.0 to 30.9 m) [33] even if similar to those found in U21 hurling (16 ± 5 m) [2]. In addition, Australian footballers can be given periods of rest during the game. Therefore, this recovery time may help them to perform more sprints and sprint over a longer distance compared to hurlers.

The number of repeated-sprint bouts have been investigated in team sports in order to gather information on the periods with the most intense sprinting demands throughout a game [19]. Soccer [20,34] and Rugby League [22] players have been shown to perform repeated-sprints bouts during match-play. The current study investigated the number of times a repeated-sprint bout (� 2 sprints with � 60 s between sprints) [20,34] occurs in senior hurling. Even though there are methodological differences in the definitions of repeated-sprint bouts between sports, the results from the current study show that repeated-sprint bouts rarely occur in hurling like previously found in soccer [20,34] and Rugby League [22,31]. The present results show that hurlers performed a similar number of repeated-sprint bouts compared with soccer (3 ± 3 in 45-min) [20,34] but slightly higher than in Rugby League (ranged from 0-4) [22,35]. However, a different definition for a repeated-speed bout (� 3 sprints in � 21 s) was used in Rugby League [22,31]. Thus, this may explain the difference in the number of repeated-sprint bouts between sports. In addition, the setup of the opposition formation in Rugby League may limit the space that players can sprint into before being slowed down or tackled and brought to the ground. This may also explain the lower number of repeated-sprint bouts in Rugby League compared to the present findings.

Strength and conditioning coaches usually plan and implement speed drills by marking set distances for players to sprint to and from. Therefore, to aid the development of specific speed drills, the current study separated each sprint into one of two different distance categories (< 20 m and � 20 m) [4]. The greater number of sprints were performed in the < 20 m category compared to � 20 m category. Similar results were found in Rugby League, since the highest frequency of sprint efforts occurred between distances of 6-10 m (39.7%) [22]. The limited space afforded to the opposition and the physical contact nature of Rugby League where players run and are stopped or slowed down by opponents may increase the number of shorter distance sprints performed and limit those sprints in the longer distance categories compared to the current study. In soccer a greater number of sprints were performed > 10 m, as players can control the ball more efficiently due to the ball being on the ground [4]. No further comparison can be made due to the limited studies that categorized the distance of sprints.

Knowledge of the players' peak speed during match-play provides an indication of the highest speed reached during the game. It is important to note that players must be travelling � 22 km�h -1 for at least 1 s for a sprint to be counted and the sprint distance only accumulates from this speed threshold. The present peak speed recorded compares favorably to elite senior hurling (29.6 ± 2.2 km�h -1 ) [10], U21 hurling (29.1 ± 1.9 km�h -1 ) [2], soccer (31.9 ± 2.0 km�h -1 ) [30] and Australian football (30.2 ± 1.5 km�h -1 ) [17]. The parallels in sprinting to gain possession in these invasion-type games may account for the similar peak speeds being recorded. One of the uniqueness of this study was that the sprints were divided into speed intensity categories. The present approach is novel and since no study has investigated these sprint intensity profiles in other team sport, further comparison cannot be carried out. An inverse relationship occurred across the three speed intensity categories, given that players performed the highest number of sprints closer to the minimum speed value < 80% and performed the lowest number of sprints near their players' mean peak speed. The current results emphasize the importance of the players' ability to perform sprints of varying speeds during match-play, as they sprint to support a teammate in possession, to create space to receive a pass, or to chase after opponents when they are in possession. This further profiling of the intensities of these sprints and quantifying the number of times players reach near their peak speed will allow coaches to prepare players for the specific sprint intensities of competition.

Similar to other team sports [17,36], the senior hurlers in the present study experienced trivial-to-small temporal decrements in sprint performance in the second half. The total sprint distance, the total number of sprints, the number of sprints < 20 m and � 20 m, between 80-90%, > 90%, the number of repeated-sprint bouts and sprint duration all decreased in the second half. The current results conflict with those found in U21 hurlers, where the total sprint distance and the number of sprints remained the same between halves [2]. The 5-min additional playing time in each half, the mandatory additional 15-min that players must take to the field before the game for the warm up and the greater total volume of running performed at senior level may explain the drop-off in sprint metrics [2,9,10] compared to U21 hurling. In addition, it has previously been shown that senior hurlers [10] perform more high-speed running than U21 players, so this additional high-intensity demand could have contributed to the lower sprint performance in seniors in the second half. Research in Australian football [17], Rugby League [35] and soccer [37] showed that high-intensity exercise during the first half or quarter affects subsequent running performance in the next half or quarter of match-play. Likewise, the high-intensity efforts in the first half in the present study may explain the trivialto-small temporal decrements in sprint performance in the second half. To the best of the author's knowledge no other study has assessed the difference in repeated-sprint bouts between-halves. In the present study, there was a small decrease in the number of repeatedsprint bouts in the second half. However, from a practical viewpoint this between-half difference was less than one repeated-sprint bout. As the number of repeated-sprint bouts occurs infrequently during both halves, it can be argued that allocating time towards recreating repeated-sprint bouts may not be warranted. Interestingly, the mean length of sprint and mean duration of sprint increased by a small amount in the second half. As the game progresses, it may be more difficult to break down and penetrate the opposition defense. As a result, players may have to sprint longer to carry the ball into the opposition half and to support their teammates in attack or into defense to prevent scoring opportunities. There was no difference in the players' mean peak speed and the number of sprints < 80% between halves. The peak speed in the current study compares with that found in Australian football, where players maintained their peak speed in the last quarter compared to the first [17]. Furthermore, in invasion type games, the contest for possession may motivate the players to reach peak speed, to score or to chase back to prevent a scoring opportunity. The low number of sprints < 80% performed in the first half may allow players to reach the same values in the second half. No other study has compared the between-half difference in sprint intensities making comparisons with other sports difficult.

Interestingly, there was no difference between positions for the sprint metrics analyzed, except the mean length of sprint and the number of sprints < 80%. However, in soccer positional differences have been found in the total sprint distance covered [37]. The differences in the methods used to compare positions within each study may explain the difference between studies. In the soccer study [37], the positions were described "horizontally" (full-backs vs central defenders and wide midfielders vs central midfielders) compared to "vertically" (full-backs vs half-backs vs midfield, etc.) in hurling. Those positions playing on the wing (outside positions) in soccer completed higher total sprint distance compared to central defenders, central midfielders and attackers due to the space available to run up and down [37]. In hurling, as the ball approaches a particular location in defense or attack there can be a race for possession. This contest for possession, especially in the full-forwards and full-backs where there is playerto-player marking may explain the similar sprint metrics performed between positions. In addition, the half-backs, midfielders and half-forwards may sprint to support their teammates to gain or deny possession, to score or deny a score.

The only difference between positions occurred in the mean duration of sprints and the number of sprints < 80%. Full-backs covered a moderately shorter mean duration of sprint compared to half-backs, midfielders and full-forwards. If the full-backs lose the race for possession they usually revert to a defensive position keeping themselves at the goal side of the attacker to prevent the full-forwards from getting inside the full-backs, making it more difficult to score. The difference in the mean duration of sprints between full-backs and full-forwards is interesting, as full-backs role is to mark full-forwards. However, in-play the full-forwards position themselves in front of the full-backs to give themselves an advantage to gain possession before the full-backs. This extra space may allow the full-forwards to sprint for a longer duration. The contrast in positioning on the pitch between half-backs and midfielders with fullbacks may explain the shorter duration of sprints between positions. Half-backs and midfielders have longer distance to travel to get back into the defense to prevent scoring chances compared to the full-backs who usually stay close to the goal. Half-backs performed more sprints < 80% than full-backs. The half-backs role in retreating towards their own goal to prevent scores and moving towards midfield to attack may explain why they accumulate more sprints. In contrast, the full-backs role is to remain close to their own goal, thus limiting the number of sprints performed.

Each position maintained the total sprint distance, the mean length of sprint and the number of sprints above 90% between halves. In addition, full-backs maintained their sprint performance in all sprint metrics in the second half compared to first half. However, there were small differences observed in some positions between halves in the remaining sprint metrics. Even though there were small differences found between halves, these amounted to a decrease of 1-2 sprints and 1 km�h -1 in peak speed in the second half compared to the first. Therefore, from a practical viewpoint players need to be conditioned to perform the same sprint metrics in each half. These small differences in the second half may be due to the total volume of running performed during the game, the match outcome, players' fitness levels or team tactics [2,10]. Interestingly, the knock-on effect of the half-forwards performing less number of sprints and number of sprints < 20 m is that they experienced a longer duration between sprints. This additional time between sprints may have given the half-forwards more time to recover and perform higher intensity sprints compared to half-backs.

The present study comes with some acknowledged limitations. Firstly, this study only assessed the sprint analysis of senior hurlers during match-play and no attempt was made to include the technical skills of the game. Since it has been reported that the majority of highintensity efforts occur close to the ball [1], future studies should include the technical skills along with the sprint profile to understand the impact that technical skills have on sprinting during competition. Secondly, the direction of each sprint was not included. It may be interesting to describe the directions of sprints so that agility and change of direction can be included in speed training. Future studies should include video tracking technology so that the direction of sprints can be quantified. In addition, the movement prior to the sprint was not described. Traditionally coaches get players to sprint from a standing start in training. Therefore, describing if sprints occur from a standing or rolling start and the distance performed before the player reaches the sprint threshold would further specialize sprint training. Finally, the current study did not account for the workload completed between sprints. Even though players had ~208 s between sprints, they may have being running at high-speed and covering large distances without reaching the sprint threshold. Future studies should quantify this between-sprint workload and investigate the impact it has on subsequent sprints.

Practical applications

The present results have several important practical implications for coaches who are preparing players for the sprint demands of hurling. Firstly, given the present results coaches should focus on the sprint distance range of < 20 m where the number of sprints are most frequent. Therefore, coaches should set up activities with sufficient distance to allow players to reach sprint speeds (> 22 km�h -1 ) and then ensure that players can maintain this sprint speed for more than 10 m. With 33 m being the maximum length of sprint performed in this study, it seems illogical to practice sprint lengths excessively longer than this, as players during matchplay were found to decelerate from the sprinting zone before this distance.

Secondly, the novel approach used in this study, which quantified the intensities of sprints performed in senior hurling should be considered when performing sprint training. An emphasis can be placed on speeds between > 22 km�h -1 and < 80% relative speed, however, players also perform sprints > 80% and reach near their peak speed several times during the game. Even though players are taking part in sprint training, coaches should exposed players to a range of high-intensity sprints. To ensure this takes place coaches should monitor the intensity of sprints during training and set up activities with enough distance that players can reach high-intensity sprint speeds.

Finally, the players sprinted near peak speed during both halves, so the development of the players' peak speed should be trained. Traditionally, sprint training has been recommended after the warm-up. However, results from the current study showed that players are required to perform high-speeds for the full duration of match-play. Therefore, the players should undertake drills that challenge them to reach near their peak speed in sprints during and towards the end of training where players must sprint under fatigue.

In conclusion, as hypothesized, there was a decrease in the total sprint distance, the total number of sprints, the number of sprints < 20 m and � 20 m, the number of sprints < 80% and > 90% and the repeated-sprint bouts sprint analysis metrics in the second half. However, the mean length of sprint (small), the duration of sprint (small) and the duration between sprints (trivial) increased in the second half (p < 0.05). There were positional differences in the mean sprint duration (full-backs vs. all other positons) and a lower number of sprints < 80% (full-backs vs. half-backs) during the full game. Small decreases were observed in the number of sprints (midfielders and half-forwards), number of sprints < 20 m (halfbacks), � 20 m (half-forwards), mean sprint duration (half-backs and full-forwards), the duration between sprints (half-forwards), peak speed (midfielders), the number of sprints < 80% (half-forwards) and between 80-90% (midfielders) in the second half compared to the first. This study is the first to examine the specific sprint analysis across halves of play and between positional lines during elite male senior hurling match-play. These results will provide coaches with valuable information about the match-play sprint demands so specific conditioning programmes can be developed.  All positions need to be able to perform similar sprint performances
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urling is an intermittent stick and ball invasion team sport and one of the national sports of Ireland. It is a physically demanding and highly skillful game with periods of high-intensity efforts similar to other team sports (7,26,27). The game is 70 minutes (35 minutes per half ) in duration and is played on a pitch 140 m long and 90 m wide. Two teams of 15 players (1 goalkeeper and 14 outfield players) contest for possession, and the aim is to outscore the opposing team by striking the ball through their goalpost, under or over the crossbar earning 3 points (goal) and 1 point, respectively (24). Players' physical, tactical, and technical roles differ between the 5 distinctive positions (full-backs, half-backs, midfielders, half-forwards, and full-forwards) (7,26,27). Ten elite teams each representing a county compete for Provincial and All-Ireland senior championship, which attract large attendances of over 80,000 spectators for the final (24).

Recently, there has been an increase in the utilization of global positioning system (GPS) technology to track players' training and match-play running demands (6,7,17). The running performance of elite senior hurling match-play was quantified using GPS (7). Results have shown that players cover a total distance (TD), high-speed running distance Address correspondence to Damien Young, damien.young@hotmail.com. (HSR), and sprint distance (SD) of approximately 7,600, 780, 500-m, respectively, during the 70 minutes of competitive play (7). Relatively, players cover 109 m$min 21 , with 16 and 5 m$min 21 spent at HSR and SD, respectively (7). Most HSR efforts occur close to the hurling ball and may determine the outcome of crucial events in the game (24). Furthermore, there were small to moderate differences in TD, HSR, and SD between positions, with midfielders being the highest performers when compared with the remaining 4 positions (7). Full-backs undertake the least TD and HSR (7). Similar to other team sports (9,19,21), a distinct positional profile for running performance exists during hurling match-play, which coaches must consider when selecting specific training methodologies for competition.

Temporal decrements in running performance exist within team sports, with these being related to transient fatigue experienced throughout a match (23). In professional rugby union, players covered the greatest relative distance during the first 10-minute period of each half of the play (12). In soccer, players were shown to cover greater distances in the first 15 minutes (1,919 6 125 m) of the match compared with the last 15 minutes (1,775 6 158 m) (5). Similarly, in hurling, players' running performance deteriorated across halves and quarters of the play (7). Data presented per predefined periods provide an understanding as to the temporal change in running performance. These global relative running distances fail to fully account for the most intense periods of play or "worst-case scenario" period that occurs during match-play. Given that relative distances are used to determine training activities, these activities may be under preparing players to complete these "worst-case scenarios" of match-play (9). Previously, quantifying the match-play demands relative to match duration underestimates the most intense running performance periods during team invasion sports (9,21). The use of a rolling average method, in which distance covered in set intervals from every time point is sampled during each half, could be a more appropriate method when quantifying the running intensity periods in team sports (9). Results from professional soccer showed that the peak predefined 5-minute block (142 6 24 m) underestimated the true peak running intensity by up to 25% when compared with a 5-minute rolling average (177 6 91 m) method (25). These running performances substantially increase as the length of the rolling average duration decreases (9,21).

In senior hurling, significant differences between playing positions were found in TD, HSR, and SD. Midfielders covered greater distances in TD and HSR compared with all other positions (7). Furthermore, decrements in HSR have been observed between positions, with the half-forwards experiencing the highest drop-off and midfielders and fullbacks experiencing the lowest drop-off (7). However, it is unclear if there are any positional differences in the relative (m$min 21 ) running intensities in hurling. Recently, results in Gaelic football showed that players covered greater relative distances (full-backs: 194 m$min 21 , half-backs: 242 m$min 21 , midfielders: 255 m$min 21 , half-forwards: 241 m$min 21 , and full-forwards: 196 m$min 21 ) using the rolling average method compared with the distance per min covered (116-151 m$min 21 ) relative to the match duration method (19,20).

Recently, some studies have attempted to describe the physical demands of hurling (7,26,27). However, to date no research has reported the specific "worse-case" running performance of hurling players during match-play. Without this information, coaches may be under preparing players for the competitive demands of match-play. Therefore, the aim of the current study was to describe the duration-specific running intensities of elite hurling players during competition with respect to position using a rolling average method. It was hypothesized that the peak relative running periods will be higher than that previously reported and would be position specific.

seasons. The players were selected from members of an elite senior hurling squad who were deemed the best players in the county at the time of data collection (18). Only those who were free from injury and illness were eligible to partake in the study. The subjects were informed of the purpose, benefits, and potential risks of the study. Written informed consent and medical declaration were obtained from all participants. Finally, the University Bourgogne Franche-Comte Éthics Committee approved all procedures, and the study was conducted according to the Declaration of Helsinki (1975) for studies involving human subjects.

Procedures

The running performance of players during match-play was recorded using 10-Hz GPS units and 100-Hz triaxial accelerometer (STATSports, Viper, Newry, Northern Ireland: Firmware 2.28) (1,3,4). The validity and reliability of these GPS units were previously established (2). The GPS unit (dimensions 86 3 33 3 14 mm, mass 50 g) was placed within a pouch between the player's shoulder blades (upper thoracic spine) in a sports vest and worn under the playing jersey. Global positioning system activation and satellite lock were established 15 minutes before warm-up commencement (16). The participants were familiarized with the GPS technology during team training sessions before data collection. To minimize the effect of the inter-unit error, each player was allocated the same unit for the duration of the investigation (11).

After the completion of each match, GPS data were downloaded to a computer through the bespoke STATSport analysis software (STATSport Viper Firmware 2.28) to be stored and analyzed. Each file was trimmed so that data recorded only when the player was on the field were included for further analysis. The proprietary software provided instantaneous raw velocity data at 0.10-second intervals, which was then exported and placed into a customized Microsoft Excel spreadsheet (Microsoft, Redmond, WA, USA). The spreadsheet allowed analysis of the relative distance covered (m$min 21 ) in the following categories: TD (m$min 21 ), high-speed distance (m$min 21 , 17-22 km$h 21 ), and SD (m$min 21 ; .22 km$h 21 ) (26). To best allow for the development of a velocity-based running performance curve, rolling averages were analyzed across 10 specific durations (1-10 minutes) for each player, with a maximum value for each specific duration recorded. Data are presented as mean 6 SD and 90% confidence intervals. Descriptive analysis and assumptions of normality were verified before parametric statistical analysis. Multivariate analysis of variance was used to compare differences in maximal running performance rolling averages between positions and time duration. A Bonferroni post hoc test was used to analyze significant between-position differences. Statistical significance was set at a#0.05. Cohen's effect size (d) was used to describe the differences in running performance between rolling average lengths. Standardized effect sizes (ES) were calculated with d , 0.20, 0.20-0.59, 0.60-1.19, 1.20-1.99, and $2.00 and interpreted as follows: trivial, small, moderate, large, and very large differences, respectively, as recommended by Hopkins (10). Furthermore, a customized spreadsheet (Microsoft Excel; Microsoft) was used to calculate the chance that the observed difference between rolling averages was practically significant (10), using thresholds of 10 m$min 21 (TD) (8), 6 m$min 21 (HSR), and 2 m$min 21 (SD) (21). These thresholds represent the smallest worthwhile change in the specific variable of analysis that would practically have an application in the prescription and monitoring of hurling training (8,9). Quantitative chances of real differences in variables were assessed qualitatively as follows: ,0.5%, most unlikely; 0.5-5%, very unlikely; 5.1-25%, unlikely; 25.1-75%, possibly; 75.1-95%, likely; 95.1-99.5%, very likely; and .99.5%, most likely (10). Statistical analysis was performed using SPSS version 22.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Independent of the position, the average match-play demands of elite hurling were 7,358 6 1,085, 759 6 206, and 486 6 127 m for TD, HSR, and SD, respectively. Furthermore, the maximal relative demands for TD, HSR, and SD were 184 6 21, 51 6 13, and 42 6 10 m$min 21 , respectively.

Running Performance Based on Rolling Average Duration

The pairwise comparisons between rolling average durations and running performance variables for relative TD are displayed in Table 1. The difference in TD between the highest 4 rolling averages (6-10 minutes) was trivial (ES = 0.07) to small (ES = 0.22). On the contrary, moderate (ES = 0.66) to very large (ES = 3.26) differences were found when 1-and 2-minute rolling average durations were compared with all other durations (3-10 minutes). Table 2 reports the pairwise comparisons between rolling average durations and HSR running performance. The distance covered at HSR at 1 minute was very likely to be very large (ES = 2.11-2.58) when compared with 2-5 minute durations. The distances were most likely to be very large (ES = 2.80-3.26) when 1 minute was compared with durations greater than 5 minutes. Further analysis showed that the magnitude of the difference in 2 consecutive rolling average durations decreased as the duration of the rolling average increased.

The pairwise comparisons between rolling average durations and running performance variables for SD are displayed in Table 3. Sprint distance was most likely to be very large (ES = 2.67-4.33) when 1 minute was compared with 3-10 minute rolling average durations. All comparisons among the longest 4 rolling average durations (6-10 minutes) except for 6 vs. 10 minutes (ES = 0.85, moderate), 7 vs. 8 minutes (ES = 0.14, trivial), and 8 vs. 10 minutes (ES = 0.67, moderate) were possibly small (ES = 0.25-0.34).

Figure 1 illustrates the difference in maximal relative TD, HSR, and SD across each time-dependent period. As the time-dependent period decreases relative to the maximal period (10 minutes) there was an increase in maximal relative TD, HSR, and SD covered. There were most likely very large differences between 1-and 2-minute rolling averages compared with the longest window (10 minutes) in TD (ES = 2.04-3.26) and HSR (ES = 2.47-3.35). The magnitude of these differences decreased in TD (ES = 3.26, very large to ES = 0.07, trivial), HSR (ES = 3.35, very large to ES = 0.20, trivial), and SD (ES = 4.33, very large to ES = 0.34, small), as the length of the rolling averages increased.

Running Performance Based on Position

The maximum relative TD, HSR, and SD were 195 6 21 m$min 21 (half-backs), 59 6 12 m$min 21 (half-backs), and 45 6 9m $min 21 (half-forwards), respectively. Descriptive results across all positions for relative TD, HSR, and SD are presented in Table 4. TD was higher (p , 0.05) in half-backs, midfielders, and half-forwards compared with the full-backs and full-forwards. In addition, the half-backs, midfielders, and half-forwards performed higher (p , 0.05) 
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DISCUSSION

The current study aimed to describe the duration-specific running intensities of elite hurling players during competition with respect to position using a rolling average method. The main findings of the current study were that the matchplay running performance of hurlers was higher than that previously reported (7). Previous research has presented the velocity-based intensity of hurling for the full game and per quarter of the play (7). Although these methods have pro-vided valuable information about the match-play running performances, they under-report the true match-play intensities experienced by players during subtle periods of play, as such our data report for the first time the duration-specific running intensities of hurling match-play. We observed that during match-play, hurlers can attain a relative running intensity of 184 6 21 m$min 21 when compared with the previously reported 109 6 17 m $min 21 (7). Furthermore, depending on the rolling average time period, selected large to very large differences can be observed for relative TD, HSR, and SD. Higher distances were covered in 1-minute; 1-and 2-minute; and 1-, 2-, and 3-minute durations for relative TD, HSR, and SD, respectively, when compared with the 10-minute rolling average duration. Similar to previous studies in hurling, positional differences were found here Journal of Strength and Conditioning Research the (7,26). In the current study, half-backs, midfielders, and halfforwards achieved a higher maximal relative TD compared with full-backs and full-forwards. Interestingly, the present results showed that as the time duration increased, the maximum relative TD, HSR, and SD running intensities decreased across all positions. Previously, the relative running performance for hurlers was reported as 109 6 17 m $min 21 during competitive match-play. The results from the current study show that the maximal relative running intensity was 184 6 21 m$min 21 . The present findings are similar to Gaelic football and highlight that running match-play intensities were underestimated based on previous methodologies used (21). Our data suggest that conditioning for hurlers should include specific periods where these maximal running requirements are attained. However, it must be noted that these values refer to the maximal running performances, which theoretically occur only once during the game. Consequently, conditioning for these "worse-case scenarios" should be part of the overall periodized program (14). The highest relative TD, HSR, and SD values were found in the 1-minute rolling average duration and decreased with each rolling average duration thereafter. The differences in running intensity distance between rolling average durations were small at HSR and SD. For example, for the 3-minute rolling average duration, HSR peak intensity ranged from 4 to 11 m$min 21 . For practical use, differences between rolling average durations were assessed using different thresholds for relative TD, HSR, and SD. These thresholds were selected because it was previously suggested that it would be unlikely that coaches would design training activities so specific that minimal differences in relative distances would need to be identified (8,21). Therefore, these thresholds represent the smallest difference that would have any practical application in the prescription of training content. The analysis showed that the rolling average of 4 to 10 minutes, 5 to 10 minutes, and 6 to 10 minutes in duration for relative TD, HSR, and SD, respectively, produced smaller differences. The rolling average method used in this study was sensitive enough to identify differences between the shorter rolling average windows of a similar duration. This information provides coaches with a valuable structure to facilitate the design of specific hurling training activities, indicating that a change in the duration of just 1 minute in all drills under 4, 5, and 6 minutes could generate large to very large differences in running intensities for TD, HSR, and SD, respectively. Similar findings were observed in the rugby league in which small changes in duration under 6 minutes were proposed to have substantial effects on running performances (8).

The results of the current study were the first to provide position-specific velocity profile for hurling players during competitive match-play. Positional differences were found across rolling averages in relative TD, HSR, and SD. An interesting finding was that as the duration of the rolling average increased, the TD, HSR, and SD continued to decrease for all positions. This reduction in running performance shows that players have difficulty in maintaining the velocity curve maybe due to contextual match-play factors (22). The highest maximal running performances were found during the 1-minute rolling average for all positions. Specifically, full-backs and full-forwards performed the lowest maximal TD and HSR intensities compared with half-backs, midfielders, and half-forwards. These differences in positions may be explained by the differences in specific positional tactical roles. For example, the full-forwards typically are located close to the goal to provide a target to receive possession and try to score. By contrast, the full-backs' role is to remain close to their goal, to man-mark the full-forwards, and to limit the goal scoring chances. However, half-backs, midfielders, and halfforwards have more dynamic tactical roles. They typically tend to move up and down the field depending on where the ball is located. In addition, they retreat toward their own goal when the opposition has possession to prevent scores and move toward the opposition goal in attack to create scoring chances. In addition, half-backs, midfielders, and half-forwards aid the transition of the ball from defense to attack when in possession. Thus, they can accumulate increased running intensities compared with full-backs and full-forwards. Interestingly, fewer differences between positions were observed in maximal SD intensity. As the rolling average duration increased, positional differences appear, with half-forwards completing more SD than full-backs (1-10 minutes), half-backs (9-10 minutes), and midfielders (10 minutes). However, no positional difference in SD was observed during the 1-and 2-minute rolling average durations. It is possible to argue that, although positional differences were significant when distances are presented in meters covered per min, differences ranged between 2 and 5 m$min 21 . Such small differences in SD intensities may not be of practical use for differentiating positions within training sessions. However, these results show that all players need to be able to complete the peak SD intensity (1-minute rolling average) found in the competition.

A limitation of the current study was that only 1 senior hurling team was analyzed. Although the number of subjects used in the present investigation was similar to previously published studies using the rolling average method (8,21), the specific style of play of this team and individual differences in each player's ability to read the game while attacking and defending may have influenced the results. Future research should include additional teams across multiple seasons to provide a holistic representation of match-play running intensities. In addition, the level of opposition, match outcome, and stage of the season was not accounted for, with these known to impact running performances (13,15,22). Future research that compares these variables may provide valuable information on how 

PRACTICAL APPLICATIONS

The current study was the first to describe the durationspecific running intensities of elite hurling players during competition with respect to position using a rolling average method. This methodology provides coaches with valuable information about the players' peak running performance for a range of durations. These results will allow coaches to develop and monitor training activities to ensure that the peak running intensities of match-play can be replicated within different training methodologies. Furthermore, the data provided can be used to identify specific durations, which can be applied to specific training methodologies such as small-sided games while including technical and tactical practice. Practitioners should be aware that increasing the duration of analysis by 1 minute will have large to very large differences on the running intensity in under 4-, 5-, and 6-minute rolling average durations for TD, HSR, and SD, respectively. In addition, the specific positional peak running intensities of competition have been captured and can now be used to ensure that players are sufficiently prepared for the "worst-case scenarios" during match-play. The results of this study showed that the half-backs, midfielders, and half-forwards completed higher peak TD and HSR running intensities compared with full-backs and full-forwards, but no such differences exist for SD. Given the observed data, it would seem prudent to condition the half-backs, midfielders, and half-forwards toward higher TD and HSR when compared with full-backs and full-forwards, whereas all positions can be combined when SD is the specific target within training.

 These results will allow coaches to develop and monitor training activities to ensure that the maximal running intensities of match-play can be replicated within different training methodologies.

 This data identify specific durations, which can be applied to training methodologies such as small-sided games while including technical and tactical practice.

 Increasing the duration of analysis by 1 min will have large to very large differences in the running intensity in under 4, 5 and 6 min rolling average durations for TD, HSR and sprint distance, respectively.  Specific positional peak running intensities of competition have been captured and can now be used to ensure that players are sufficiently prepared for the "worst-case scenarios" during match-play.

 Half-backs, midfielders, and half-forwards completed higher peak TD and HSR running intensities compared to full-backs and full-forwards, but no such differences exist for sprint distance.  Given the observed data, it would appear prudent to condition the half-backs, midfielders, and half-forwards towards higher TD and HSR when compared to full-backs and fullforwards, whereas all positions can be combined when sprint distance is the specific target within training.

General Discussion

Introduction

The game of hurling has previously been described as a fast and skilful game, which attracts large attendances at the elite level (Reilly and Collins, 2008). However, there is a severe lack of research available, which describes the match-play demands of hurling (Collins et al., 2018). This thesis was carried out to bridge the existing gap in the hurling literature. Specifically, the external and internal physical and physiological demands of hurling matchplay were examined. The aims of this comprehensive research process focused on separate but related studies, which used time-motion analysis methods (SportsCode computer analysis and GPS), and HR to assess the match-play demands of hurling. The first study analysed the duration demands of elite hurling across U17, U21 and senior matches. The second study investigated the differences between sub-elite and elite senior hurling matches. Once players reach the elite U17 level, they aim to progress to U21 and senior squads. The third, fourth and fifth studies described the running and HR performances during each level (U17, U21 and senior). Elite senior matches are the highest level that players can compete at in hurling.

Therefore, further analysis of the senior game was carried out. The sixth study investigated the sprint demands of elite senior hurlers during competitive matches, and the final study identified the maximal running intensities during elite senior hurling match-play. In the following paragraphs, the demands of hurling are discussed in the context of the findings of the respective studies. Finally, several key practical applications on how the findings in this thesis can be used to help players perform these match-play demands are presented.

The main findings from the studies conducted as part of this thesis are:

Similarities

 The ball is only in play for 40%, 43% and 44% of the overall playing time in senior, U21 and U17 matches', respectively (Study I).

 There was no difference in the total BIP, the mean individual BIP and the mean longest BIP cycle duration between U17, U21 and senior matches (Study I).

 The majority of both BIP and BOP individual cycle durations were < 30 s (Study I).

 In elite hurling (senior, U21 and U17), a Shot at Goal and Free Attempted are the most frequent and longest stoppage, respectively (Study I).

 The number of sprints, the mean length of sprint, the maximal speed, HRmean and HRpeak were similar at all levels (U17, U21 and senior) (Study III-V).

full-backs at each level (Study III-V).

 There were no positional differences in HRmean and HRpeak at U17 and U21.

Differences

 There was a greater total match duration, total BOP, the number of BOP and BIP cycles and mean individual BOP cycle duration at senior compared to U21 and U17 (Study I).

 Elite senior hurlers covered greater TD, HSR and sprint distance compared to U21s, U17s and sub-elite seniors (Study II-V).

 TD, average speed, HSR, HRmean and HRpeak were lower in the second half at all levels (U17, U21 and senior) (Study III-V).

 Positional differences occurred in TD, average speed, HSR, sprint distance at U17, U21

and senior players (Study III-V).

 Players at elite senior level are exposed to greater relative maximal intensities in TD, HSR and sprint distance compared to data expressed per half and full game (Study VII). Interestingly, even though the overall match-duration is 11 min longer at senior level, there was no difference between U17, U21 and senior matches for total BIP, the mean individual BIP and the mean longest BIP cycle duration. In addition, there was no difference between U17 and U21 matches in any of the durations recorded. The difference between levels was observed in the greater total BOP time at senior level (Study I). Senior players may have developed a pacing strategy to use the BOP duration to slow the game down and recover so that they could maintain high-intensity performance for the longer overall match-time (Gabbett, 2015b;Coratella, Beato and Schena, 2016). With the frequent changes in BIP and BOP activity cycles, coaches could set up activities that engage players for short (< 30 s) periods of time and then allow them to recovery (< 30 s) while other players are engaged. For example, a small sided possession game with 8 players (4 v 4) in two 30 m squares. In one square, players on one team are keeping possession of the ball away from opposition team.

After 20 s, the coach blows the whistle and the ball is hit to the second square where another 4 v 4 game takes place.

The number of stoppages in elite senior matches is similar to those found at U21 and U17, with at least 50% of all stoppages occurred from a Shot at Goal (Study I). These results are greater than those reported in soccer, where the ball going over the sideline was the most frequent stoppage type (Siegle and Lames, 2012a). The lack of an offside rule, the opportunity to shoot at the goal from a longer distance and an opportunity to score points may explain the high number of stoppages in hurling compared to soccer. The current results (Study I) show the importance of on-the-ball and off-the-ball activities (running and skill) associated with attacking and defending shots at goal as it has been reported that a strong relationship exists between shot count and match outcome in hurling [START_REF] Clear | Attacking profiles in elite hurling[END_REF]. With the overall similarities in the stoppage types and durations at each level (senior, U21 and U17), it can be assumed that the tactical, technical and physical elements associated with the methods of restarting play can be initiated at U17 level, developed and used at U21 and senior thereafter.

For example, as Shots at Goal are the most frequent stoppage type in hurling, two key practical applications are recommended. Firstly, defenders and midfielders need to practice delivering the ball into the opposition half to allow their forwards an opportunity to gain possession of the ball. The forwards need to practice gaining possession and shooting at the goals. In contrast, the backs need to practice defending the forwards while shooting at goal. Secondly, the restart following a Shot a Goal stoppage is a puck out. The team may design a set routine to give them an advantage of gaining possession of the ball from a puck out. For example, two half forwards could run to one side of the field leaving one half forward and an opposition half back alone on the other side. This creates a 1 v 1 situation, where the goalkeeper can strike the ball to.

Elite hurlers at each level need to be able to perform both on-and off-the-ball movements for a similar BIP duration. The current studies in this thesis did not separate the running and HR demands of BIP vs BOP but provided an overview of the global demands for the full game and per half. for the difference in TD covered, as the average speed is similar between levels (Study III-V).

However, there was no difference in BIP time between senior, U21 and U17 (Study I).

Although hurlers are moving during BOP time, previous research has suggested that the most high-intensity efforts occur close to the ball (Collins et al., 2018), which would only occur during BIP. Therefore, seniors may have to cover larger distances than U21s and U17s during similar BIP time, which suggest that senior matches could be more physically demanding.

Future studies should investigate the running demands during BIP and BOP at senior, U21 and U17 as this may identify where the difference exists between levels. Elite senior hurlers also covered greater average speed than sub-elite players (Study II). These findings highlight that differences exist in the running demands between elite and sub-elite senior hurling levels, which are in agreement with previous research in other team sports [START_REF] Brewer | Movement pattern comparisons in elite (AFL) and sub-elite (WAFL) Australian football games using GPS[END_REF]Black and Gabbett, 2015). Those players progressing from sub-elite to elite level may need additional conditioning to withstand the extra running demands. However, elite hurlers play with their sub-elite team in championship matches. The current study failed to differentiate the running and HR performances of elite and sub-elite players during sub-elite matches. Therefore, elite players may have been covering the same metrics as during elite matches, with sub-elite players covering even lower metrics. In addition, as elite players may be more skill efficient and be able to read the play better, the game demands may only require elite players to perform these lower metrics during sub-elite matches. To help prepare sub-elite players for the increased demands of elite hurling, a progressive training programme where the players are exposed to volume and intensity of elite level games. Furthermore, sub-elite players should get an opportunity to play in elite friendly games to help them bridge the gap between playing levels.

The results discussed so far are based on data averaged over the full match duration.

However, quantifying the match-play demands relative to the match duration has been shown

to underestimate the most intense periods during team invasion sports ( intensities were underestimated based on data averaged over the full match. However, it must be noted that these values refer to the maximal running characteristics (TD, HSR and sprint distance), which theoretically occur only once during the game. Consequently, conditioning for these "worse-case scenarios" should be part of the overall periodised programme [START_REF] Lacome | Small-sided games in elite soccer: does one side fit all?[END_REF]. In training, TD, HSR and sprint distance can be monitored live using GPS. This would help to ensure that the maximal intensity periods are being replicated. For example, in a training match, the coach could shorten the area to half the size. The game starts with a player striking the ball into the playing area, forwards try to score and backs attempt to clear the ball over the half way line. Once the game stops (i.e. Shot at Goal, sideline, free, backs strike over the half way line) another ball is hit into the playing area to keep the players active.

Alternatively, the coach may play a game of 11 v 11 on the full size playing field. This game may also elicit these maximal intensive periods, as players have to cover more space while attempting to score or prevent scores. The coach who is receiving live GPS feedback can monitor the duration required to ensure that a peak intensity period is reached. Repeating these games can ensure that the players are robust enough to cope with these maximal intensities in competition.

Intensity of Movement

Even though elite senior hurlers covered more TD than U21s, U17s and sub-elite seniors, when distance covered is divided into various speeds of movement, a similar gradient pattern exists at all levels (elite senior, U21 and U17 and sub-elite senior) (Study II-V). This

shows that as the intensity of movement increases (walking to sprint distance), the distance covered decreases (Study II-V). This pattern also exists in Gaelic football ( ). Interestingly, the number of sprints, the mean length of sprint and the peak speed performed during hurling matches were similar at all levels (U17, U21 and senior) (Study III-V). When comparing elite and sub-elite matches, the length of sprint was shorter (Study II).

However, a higher speed threshold (25. In addition, for at least three of the sprints, the ball should be removed from the drill, so that players can concentrate on running fast.

Heart Rate

The measurement of HR during team sports have shown that it imposes a high physiological load with the average exercise intensities reaching > 80 % of HRpeak and peak In summary, the total game demands were shown to differ in the lower intensities (walking and running) between levels (elite senior, U21 and U17) (Study II-V) but the overall duration was longer in elite senior matches, which must be considered. However, during sprinting, the size of the difference between levels was less (Study II-V). The HRmean and HRpeak were shown to be similar across levels. These HR values are presented as a combined figure across the full team and do not account for individual differences. Positional differences were shown to exist within each level (Study III-V).

Interestingly, there are fewer differences between positions in the sprint metrics analysed at each level (Study III-VII). Half-forwards covered greater sprint distance than fullbacks at U17 (Study III) than half-backs at U21 (Study IV) and full-backs and half-backs at senior (Study V) level. In addition, half-forwards performed a greater number of sprints compared to full-backs and full-forwards at U17 level (Study III). Nonetheless, there was no difference in the number of sprints between any position at U21 (Study IV) or senior (Study V) level. The positional role of half-forwards where they retreat into defence to help prevent scores, to retrieve possession and to create space in front of the full-forward line seems to be a common trait among all levels (senior, U21 and U17). Full-forwards covered a greater length of sprint than half-backs at senior level (Study V). However, in practical terms, this difference only represented 1 metre. There were no positional differences in HRmean and HRpeak at each level, except for half-backs and full-backs HRpeak at senior (Study V). The minimal differences in running and HR performance that are observed between positions may be due to the teams' tactical style of play. In addition, across all levels, some teams employ the use of a sweeper who is positioned between the full-backs and half-backs. The sweeper's role is to deny space in defence, gain possession of the ball and strike the ball into the attack. To counteract this tactical ploy, teams may strike the ball down the sidelines to avoid the sweeper. The fullforwards then may be required to run out towards the sideline to collect possession. This may explain why those players in the full-back and full-forward lines perform similar sprint distance, number and length of sprints compared to the half-backs, midfielders and halfforwards (senior, U21 and U17).

As the roles of each position are generally similar at each level (elite senior, U21 and U17), half-backs, midfielders and half-forwards need to be conditioned to perform additional TD, average speed and HSR than full-backs and full-forwards. Concerning sprint distance, the number and length of sprints, all positions need to be able to perform a similar amount during match-play. In each position, senior (Study V) players outperformed both U17 (Study III) and U21 (Study IV) players in TD, average speed and HSR. However, senior matches have a longer match duration (Study I). Therefore, when both elite U17 and U21 players are moving up to compete in elite senior matches, they need to be conditioned to repeat these sprint demands for an additional ≈ 11 min of actual playing time (Study I).

differences were shown to be trivial to small, trivial to moderate and small to moderate at senior, U21 and U17 level, respectively (Study III-V). As the majority of BIP cycles are less than 30 s and the ball may not reach one end of the field during this time, players may not be engaged in high-intensity activity all of the match-time. In addition, there are a high number of BOP cycles during senior, U21 and U17 matches (Study I). Therefore, players at each level may be using the BOP duration to recover from the BIP cycles, which may help minimise the drop-off between halves. However, in Study I, the BIP and BOP data are only presented for the full game. No knowledge is available to describe the difference in BIP and BOP between halves at senior, U21 and U17. Consequently, there may have been less playing time in the second half, so players may not have had the opportunity to perform similar activity compared to the first half. Thus, the drop-off in performance may relate to the difference in the second half duration rather than being only fatigue related.

There was no difference in the hurlers' mean peak speed between halves (Study VI).

Although the peak speed may only occur once per half, the results in the current study compares with that found in Australian football, where players maintained their peak speed in the last quarter compared to the first (Coutts et al., 2010). Furthermore, in invasion type games, the contest for possession may motivate the players to reach peak speed, to score or to chase back to prevent a scoring opportunity. Therefore, players no matter what the level should be conditioned to repeat similar sprint demands in each half and aim to minimise the drop-off in TD and HSR distances. Further analysis of hurling, which investigates the running characteristics over shorter playing periods (e.g. 5-10 min periods) may identify where a dropoff occurs in the second half, as some team sports have observed an end-spurt in performance [START_REF] Sparks | Variations in high-intensity running and fatigue during semi-professional soccer matches[END_REF]. This could allow coaches to develop a strategy where substitutes could be introduced to minimise the second half drop-off in TD and HSR. For example, of the five permitted substitutes, 2-3 players may be used to replace those playing in the half-backs, midfield or half-forwards. and half-forwards where they usually move up and down the field to attack and defend may explain the drop-off in running characteristics in the second half. In addition, the largest number of stoppages are Shots at Goal, which the resulting restart is a puck out. This is where

Practical Applications

The studies presented in this thesis aimed to describe the match-play demands of hurling. The following practical implications are proposed, based on the findings from the studies completed. These practical implications will assist coaches and all those associated with preparing hurlers for the demands of competition.

Duration Demands

 Results showed that elite hurling matches frequently start and stop, with the majority of BIP and BOP cycle durations lasting < 30 s. Players need to be able to repeat shortto-moderate periods of play and recover during these brief stoppages while the ball is out-of-play. Therefore, during training, coaches need to be aware of the duration between activities so that prolonged instances of BOP are minimised. In training, often unintentionally, coaches minimise the BOP duration in training games by limiting the number of frees awarded, letting play continue when the ball goes over the sideline and permitting the goalkeeper to strike the ball back in play following a wide or score. This greatly adds to the BIP duration during these games, which may help overload the physical demands of match-play. However, with the large frequency of BOP cycles, players need to be able to switch between BIP and BOP as the tactical roles performed in each vary greatly. In addition, players may need to use this BOP time to recover so that they can perform high-intensity activities within the following BIP cycles.

Otherwise, the intensity of the training games may be reduced.

Stoppages

 Study I presented the mean type and duration of stoppages that occurred during elite hurling competitions. Coaches should set-up activities to practice the roles required from each position depending on the restart, especially around Shots at Goal and Free Attempted, as these are the most frequent stoppages in hurling at all levels. Prior to the Shots at Goal stoppage, the player must shoot at goal. The success of scoring will ultimately decide the outcome of the game. Therefore, goal and point scoring routines which may start unopposed and progress to opposed practice and then be put in to a game situation. In contrast to scoring, the defenders should practice preventing goal and point scoring opportunities. Following a Shot at Goal stoppage, the goalkeeper will restart the match by striking the ball back into the playing area towards a teammate to maintain possession. The aim of the opposition team is to regain possession. A frequent method used while defending a puck out is for the opposition half-forwards and fullforwards to retreat towards their own goals and deny space in front of their half-backs.

Therefore, the full-forwards stand in the passing lane to prevent the puck out being hit to their half-backs and the half-forwards move back into midfield, preventing the ball from being hit to their half-forwards. These off-the-ball roles need to be practised in training as this stoppage occurs most frequently in matches at all levels. Overall, it is difficult to predict the actions that will take place during BIP, but during BOP, players have more control over what happens, especially the team in charge of the restart.

Therefore, strategies to maintain possession from a restart can be designed and practised at U17 and developed further at U21 and senior.

Transition between Levels

 Elite senior hurlers covered greater TD, HSR and sprint distance compared to U21s, U17s and sub-elite seniors (Study II-V). Coaches at elite senior level may have to prescribe additional conditioning for those players who are transitioning into the elite senior squad from U17, U21 and sub-elite level, so that they can withstand the greater running demands. For those players involved at U17 and U21, these additional running demands could be gradually progressed over several years while on U17 and U21 squads, rather than waiting until players are selected to join the elite senior team. In addition, as U17s perform similar BIP time, the number and type of restarts as U21s and seniors, these players need to be prepared for these elite demands. As the majority of U17 players will attend elite development squad sessions for 3 -4 years before being selected for the U17 team, this emphasises the importance of the type and quality of activities performed during development squad sessions. The technical and tactical training sessions during the development years should include skills and strategies to prepare players for elite match-play duration (BIP), physical (running and HR) and tactical (restarts from stoppages) demands of competition. In addition, players moving from sub-elite senior, U17 or U21 elite teams to the elite senior team should partake in friendly games at elite senior level to that they are accustomed to the higher demands before competition.

Maximal Intensities

 In elite senior hurling, the maximal TD, HSR and sprint distance intensities are far superior to the average speeds, which are presented per the full game and per half.

Although these maximal intensities occur only once in a game, senior players need to be able to withstand these peak match demands when they occur. Coaches need to design drills and games that elicit these demands and ensure that these maximal intensities take place within a 1-min period. In addition, the time of the game that these maximal intensities occur is unknown, so coaches may need to place these worst-case scenarios during the start, second-half and towards the end of training. Now that the maximal relative match demands (TD, HSR and sprint distance) are known, training sessions could be analysed per min of activity to ensure that players experience these maximal efforts in training drills and games.

Sprints

 The number and mean length of sprints are similar across all levels (Study III to VI). In addition, the majority of sprints occur < 20 m at the elite senior level (Study VI).

Therefore, senior, U21 and U17 coaches should set-up activities that players perform sprints over distances of ≈ 19 m and less. It must be noted that players need to be travelling 22 km•h -1 or higher for a sprint to count. Therefore, activities need to be long enough to allow players to reach this sprint speed threshold. Small-sided games are a popular training methodology used in hurling. Coaches may need to monitor the size of the area when playing small-sided games so that it is large enough for players to reach the sprint speed threshold (22 km•h -1 ). Otherwise, sprints could be included between sets of small-sided games or incorporated within other training activities.

Positions

 Half-backs, midfielders and half-forwards covered greater TD and average speed than full-backs and full-forwards at senior, U21 and U17.

No matter what the level, players in these positions may require additional conditioning to prepare for the higher matchplay demands. Coaches could set-up similar type skill or running drills for all players, but the size of the area that half-backs, midfielders and half-forwards would have to cover would be greater. In addition, 8 v 4 small-sided games could be set up with those playing in the middle three positions could be chosen to play on the teams of four.

Therefore, they would likely be involved in covering greater distances. Consideration must be made about selecting players to play in these middle three positions as they are shown to cover greater TD and average speeds compared to full-backs and fullforwards. For those players who may be returning from injury, selecting them to play in these middle three positions could be avoided or their time could be limited until they reach the desired levels of fitness. Fewer positional differences if any, occurred in HSR and sprint distance at U17, U21 and senior players (Study III-VI). When designing sprint training, coaches can set-up similar sprint activities for all players to participate in.

Temporal Decrements

 Second half temporal decrements in TD, average speed, HSR, HRmean and HRpeak are observed at all levels (U17, U21 and senior) (Study III-V). Strategies need to be considered to help players minimise this drop-off in performance in the second half.

Proper nutritional practices need to be in place so that players are fuelled and hydrated appropriately before the match and access to some additional snacks should be made available for refuelling at half time. Senior hurlers have access to a sports nutritionist who can directly oversee these fuelling and hydration practices. However, U17s and U21s do not. It is important that U17 and U21 players are educated about the type and timing of these practices. This nutritional education could be delivered to parents and players in development squads (U14 -U16) so that when players are chosen for the  There were second half temporal decrements observed in all metrics at U17 level.

Although it is the first exposure to Provincial and All-Ireland elite level competition, players need to be conditioned to withstand the match-play demands and minimise the drop-off between halves. These age-graded players are used to participating in friendly and official matches for the full year, specifically moving from school-to combining sub-elite-and elite-and then again back to school-competitions. This limits the time available for conditioning. Therefore, a dedicated training period should take place to prepare them for the match-play demands of competition. This focused training period could also limit the temporal decrements between halves.

 The sprint performances were shown to decrease between halves at all levels (elite seniors, U21, U17 and sub-elite). However, in practical terms, this drop-off was minimal. In addition, the peak speed and number of sprints < 80% and > 90% showed no difference between halves at the elite senior level. Therefore, hurlers need to be able 

Limitations:

The results of the present series of studies come with some acknowledged limitations.

Such limitations are outlined below.

 The current study only looked at BIP and BOP durations and did not quantify the movements performed within each, which may have been different between levels.

Given that seniors have similar BIP compared to U21 and U17, seniors may have to cover larger distances during similar BIP time, which suggest that senior matches could be more physically demanding.

 Outside the control of the author, the GPS units were replaced by the team after the first GPS study. These 5 Hz GPS units that used specific speed-zones were updated to 10 Hz units from STATSports. All the remaining studies (Study III-VII) used 10 Hz GPS and used the same speed-zones based on reviewers' feedback. The reviewers wanted similar speed-zones to current Gaelic football and hurling research to be used.

Although not ideal, it is still possible to compare results from these five studies (Study III -VII). In addition, the data compared in the general discussion between 5 Hz  The data collection for study IV, VI and VII all used the same firmware (2.28).

However, on recommendation from the GPS company (STATSports), the software (Firmware 2.7.1.83) was updated for the data collected in study III and V. Although the data collection for each study was carried out using the same software, results compared within the general discussion may have been different given the difference in software used.

 In the literature, it is difficult to compare the running characteristics between sports due to the variety of speed-zone thresholds that are used. The current study aimed to use similar speed-zones with existing hurling literature. This may have disadvantaged the U17 players, as the speed-zone threshold may have been too high for them. However, results showed that U17 and U21 hurlers performed similar total sprint distance and the number of sprints within the same match duration.

 The aim of the individual studies were to quantify the match-play demands at senior, U21 and U17 level to provide coaches with a profile of the game at each level and not directly compare the three levels. Therefore, the global results for the elite levels (Study III -VII) were presented across the full game and per playing half and not per minute.

 In Study II, the difference between elite and sub-elite were presented. This study (Study II) failed to differentiate the performances of elite and sub-elite players during sub-elite games. Elite players may be performing elite level metrics during sub-elite games, whereas sub-elite players may be covering even lower metrics. The results in this study were presented as a mean for the team, which may result in greater deficit in sub-elite only players transitioning to the elite senior squad.

 The maximal intensities were shown to be far superior to those presented over the full and half game. These maximal values were presented per 1-min periods. However, as the majority of BIP and BOP cycles last < 30 s, these maximal intensities could have been completed in less than 1 min. This study failed to identify the time taken to complete the maximal intensities. In addition, no knowledge of when these intensities occurred during the game and if TD, HSR and sprint distance maximal intensities occurred at the same time? If they were in the second half, they may be more demanding given the accumulated fatigue.

 As the players in the current studies are amateur and complete a high frequency of training already, it was difficult to arrange further testing to calculate their maximal HR. In this thesis, the U17 study was the first to include HR across different HR zones.

Therefore, the HR zones chosen were based on previous HR zones used in Youth Gaelic football so that a comparison could be completed. A limitation of this study is that set HR zones were used, compared to those based on players' maximal HR. This may have influenced the results.

 The players' fitness levels were not measured as part of this research. It is unknown if players fitness levels limited or enhanced the running characteristics during match-play.

As seniors spent a lower percentage time > 160 b•min -1 , compared to U21s and U17s, identifying the fitness capacity of players at each level may have helped to explain the reason why seniors had lower time in the highest HR zone.

 The players' body mass was only taken to profile the subjects within each study. It was not used to differentiate how players sprinted relative to their body mass. Given the difference in body mass, this may have influenced the results as seniors were shown to have higher body mass than U21s and U17s.

 The running and HR performances were measured in each game and presented the results as a mean value. Even though only competitive matches were used, the studies failed to account for the game-to-game variability, which may have observed greater or fewer demands depending on the opposition, stage of the competition and the score during the match.

 The current study failed to record the number of accelerations and decelerations. As the number of accelerations and decelerations had already been published at senior level and no research was available for U21 or U17, it was decided to profile the game using TD, average speed, distance covered per speed zone, the number and length of sprints for the full game, per half and position.

 Only outfield playing positions were analysed during this study. As GPS use in hurling is still relatively new and the added pressure on goalkeepers as the last line of defence, they were unconformable wearing the technology during games.

 The current study identified the positions as per their playing positions. However, as players are free to move around the field during the game, players may have moved away from their traditional playing area for multiple cycles of play, for example, a fullforward moving out to midfield to gain possession. These studies failed to identify the locations of the players during match-play.

 The current study only focused on the running and HR performances during matches.

No data related to the skills, the number of possessions per player or teams' style of play were recorded. The players' skill level may have negated the need to move as players could hit the ball directly to each other rather than having to run after it. The number of ball possessions may have increased the running characteristics, where the team style of play was to perform short passes and work the ball up the field.

 No attempt to record the jumping, landing, change of direction, backwards or side wards movements were made. In addition, the physical contacts (shoulder-to-shoulder collisions) and intense contests to gain possession of the ball were not included in this study. These physical movements may have contributed to additional fatigue during matches and may have highlighted a difference between elite senior and sub-elite senior, U17 and U21 levels. 

Conclusion

This thesis aimed to describe the match-play demands of hurling. Table 12.1 presents an overview of the metrics that are now available in the literature following this thesis. The findings from the series of studies showed that hurling is an intermittent game, which consists of various periods where the ball is in-play and out-of-play. These cycles of BIP and BOP mainly last for < 30 s. An interesting finding was that the total BIP was similar across senior, U21 and U17 levels. The most frequent stoppage in the game of hurling is Shots at Goal with Free Attempted taking the longest to restart play. During matches, elite senior players covered greater distances (TD, average speed, HSR and sprint distance) compared to U21s and U17s and sub-elite seniors. However, as the intensity of distance covered (walking to sprinting), the gap between levels (elite senior, U17 and U21) reduced. A similar gradient pattern was observed at each level, where the distance-covered decreased as the speed of movement (walking to sprinting) increased. The number and mean length of sprint are similar in elite senior, U21 and U17 matches, which emphasises the importance of sprinting no matter what the level. Elite level seniors' length of sprint is higher than sub-elite level. However, different speed zones were used to identify the sprint threshold, so this could have caused the difference.

Positional differences exist at elite senior, U21 and U17 for the majority of metrics analysed.

A similar pattern was observed as the half-backs, midfielders and half-forwards covered greater TD and average speed compared to full-backs and full-forwards at senior, U21 and U17.

Interestingly, there were minimal differences between positions at the highest speed metrics.

Only half-forwards at each level showed differences between positions for total sprint distance, Hurlers need to be able to perform similar running demands in both halves. The results of this thesis provide important information about the match-play demands of sub-elite senior, elite senior, U21 and U17 competitions. The knowledge can be used to highlight the gaps between sub-elite and elite senior matches and between elite U17, U21 and senior matches. The findings can be used by coaches to benchmark their own team's performances against these norms and

with



  European College of Sports Science -Dublin, Ireland (June 2018) o The title of the oral presentation was the "Evaluation of the external and internal match-play demands of elite under 17 hurling". Poster  World Congress in Performance Analysis in Sport -Opatija, Croatia (Sept 2018) o The title of the poster presentation was "The match-play sprint analysis of elite hurlers during competitive games." Forum des Jeunes Chercheurs -Dijon, France (June 2018) o The title of the poster presentation was "The temporal differences in the physical and physiological demands of senior hurlers during competitive matches." -in-play BOP = Ball-out-of-play
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 11 Figure 1.1. Illustration of playing positions.

  analysis has been used to quantify the running demands of competition[START_REF] Reilly | Motion analysis and physiological demands[END_REF]; Cunniffe et al., 2009; Malone, Solan and Collins, 2017; Collins et al., 2018).

  By the time players compete at senior (adult) level, they may have completed at least 15 years of practice. During these years, players would have spent a significant amount of time practising by themselves. In some rural communities, it is seen as a fashion to carry a hurley and ball, so hours of play quickly accumulate. In recent years, greater emphasis has been placed on introducing players to the GAA club at an earlier age. Most clubs offer training for boys and girls from the age of 4 years old. With this early introduction to hurling, sports-specific skills are well ingrained by the time the player reaches their adolescent years. At U14, players have the opportunity to represent their county at the elite level. Even though the elite competitions are organised on a blitz format (< 16 years of age), strength and conditioning programmes and hurling skills training are organised to aid the development of these players.

(

  [START_REF] Collins | Anthropometric and Performance Characteristics of Elite Hurling Players[END_REF]. A hierarchical anthropometric profile was found with goalkeepers being the tallest (184.3 ± 3.7 cm), possessing the highest body mass (88.7 ± 5.7 kg) and adiposity (13.2 ± 3.1 %AT) compared to the other outfield positions (n = 14). Halfbacks (47.4 ± 2.4 cm) and half-forwards (50.7 ± 5.9 cm) produced the highest countermovement jump. Midfielders (60.1 ± 1.4 mL.kg -1 •min -1 ) exhibited a significantly (p < 0.05) greater maximal oxygen uptake than all other playing positions. It was suggested that the midfielders' role in linking the play between defence and attack might add to the running demands necessary for this position[START_REF] Collins | Anthropometric and Performance Characteristics of Elite Hurling Players[END_REF]. It must be noted that this study is four years old, and with the increased focus of strength and conditioning practices in hurling since, these results may have changed.
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 21 Figure 2.1.In team games, several players are required to combine their efforts so that the group can succeed. Therefore, the coach must monitor each player in the context of the overall team so that the group can cope with the demands of the game. Some individuals who have a deficit in fitness or those returning from injury may need additional conditioning to sustain the demands of the game[START_REF] Reilly | An ergonomics model of the soccer training process[END_REF]. In addition, as the game demands in team sports have been shown to differ between positions, training content should be specially designed to cater for those positional differences[START_REF] Cunniffe | An Evaluation of the physiological demands of elite rugby union using global positioning system tracking software[END_REF] Malone, Solan, et al., 2016;[START_REF] Collins | The Work-Rate of Elite Hurling Match-Play[END_REF]. Given the link between the game demands and the players' capacity to perform, it is necessary then to know the demands of the game. Therefore, the observation and recording
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 22 Figure 2.2 The coaching cycle

  players' training programmes[START_REF] Scott | The Validity and Reliability of Global Positioning Systems in Team Sport: A Breif Review[END_REF]. The measures of validity explain the difference between the values recorded by GPS and the criterion measures, whereas reliability refers to the reproducibility of values of a test on repeat occasions[START_REF] Cummins | Global positioning systems (GPS) and microtechnology sensors in team sports: A systematic review[END_REF]. GPS units are classified by the rate at which they sample per second. Initially, commercial devices had a sampling rate of 1 Hz (one sample per second). In recent times, there has been a rapid advancement in the sampling rates within GPS, and now 5-, 10-and 15-Hz units exist[START_REF] Scott | The Validity and Reliability of Global Positioning Systems in Team Sport: A Breif Review[END_REF]. Many studies have used 1-to 5-Hz GPS units during their data collection(Collins, Doran and Reilly, 2010; Malone, Collins and Doran, 2016; Malone, Solan, et al., 2016; Malone, Solan and Collins, 2017; Collins et al., 2018). However,it has been reported that such units (1-and 5-Hz) may lack the sensitivity to quantify changes in high-speed movement and short linear running (especially change of direction) compared with 10-to 15-Hz(Jennings et al., 2010). The GPS units recording at 10 Hz were shown to be the most valid and reliable in linear and team sport simulated running[START_REF] Scott | The Validity and Reliability of Global Positioning Systems in Team Sport: A Breif Review[END_REF]. This reduces the many limitations of earlier models, whereas the increase to15 Hz GPS devices has had no additional benefit (Scott, Scott and Kelly, 2016). Furthermore, research studies have shown that variability exists in the accuracy of different GPS brands, as well as variability observed between GPS units of the same model (Coutts and Duffield, 2010; Johnston et al., 2014).
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 2324 Figure 2.3. Coutts' (2010) team-based movement circuit for assessing validity and reliability in GPS

  max speed, acceleration, deceleration. Other: Positions, temporal decrement across quarters Seasonal changes in Gaelic football match-play running performance (Mangan, Ryan, et al., ), HSR (≥ 17 km•h -1 : m). Other: Per month and across quarters An acceleration profile of elite gaelic football with special reference to position of play (Ryan et al., ), HSR (≥ 17 km•h -1 : m), very HSR (≥ 22 km•h -1 : m), accelerations (n), duration of accelerations (s), peak acceleration (m), distance of accelerations (m). Other: Positions, temporal decrement (5 min epochs) An acceleration profile of elite Gaelic football match-play (Ryan, Malone and Collins, 2018) of accelerations (n), duration of accelerations (s), peak acceleration (m), and distance of accelerations (m). Other: 5 min epochs Investigation in to the positional running demands of elite Gaelic football players: How competition data can inform training practice (McGahan, Burns, et al., 2018) ≥ 17 km•h -1 : m•min -1 ), speed efforts (n: ≥ 17 km•h - Influence of team rating on running performance in elite Gaelic football (Mangan et al., (≥ 17 km•h -1 : m) and the percentage of HSR. km•h -1 : m), speed efforts (n) (≥ 17 km•h -1 ), relative HSR, % time at high-speed, accelerations (n). Other: Positions Duration specific running performance in elite Gaelic football (Malone, Solan, Hughes, et al., speed (m•min -1 ), relative HSR (≥ 17 km•h -1 : m•min -1 ), sprint distance (≥ 22 km•h -1 : m•min -1 ). ), HSR (≥ 17 km•h -1 : m) and sprint distance (≥ 22 km•h - (Malone, Solan, Collins, et al., 2017) expenditure (kJ•kg -1 ), energy produced above high power threshold (> 25 W•kg -1 ), equivalent distance. The relationship between technical performance indicators and running performance in elite Gaelic football (Mangan, Ryan, et al., ), HSR (≥ 17 km•h -1 : m), sprint distance (≥ 22 km•h -1 : m), sprints (n), peak speed (km•h -1 ), accelerations (n). Other: Positions, temporal decrement across quarters The positional match running performance in elite Gaelic football (Malone, Solan, et al., (≥ 17 km•h -1 : m), sprint distance (≥ 22 km•h -1 : m), mean & peak velocity (km•h -1 ) accelerations (n). Other: Positions, temporal decrement across halves Match play demands of elite youth Gaelic football using global positioning system tracking (Reilly et al., (≥ 17 km•h -1 : m), sprint distance (≥ 22 km•h -1 : m), no of sprints (n). Other: Temporal decrement across quarters TD = Total distance, HSR = High-speed running, HI = High-intensity

Chapter 4 -Chapter 5 -

 45 competition and the match-play running and HR performances of elite and sub-elite competitive matches are presented. Brief details about the subjects and materials used in each study are included here. In addition, the procedures to collect data are outlined. Each research study (chapters 4 to 10) provides additional details of the specific methods used. Statistical analysis conducted as part of this research is also outlined here, with more details presented in each study. Study I -The match-play activity cycles in elite U17, U21 and senior hurling competitive games  Young, D., Collins, K., Mourot, L. & Coratella, G. 2019, 'The match-play activity cycles in elite U17, U21 and senior hurling competitive games', Sport Sciences for Health. Epub ahead of print This chapter includes the first study, which investigated the duration demands of elite hurling. Specifically, this study aimed to investigate the BIP and BOP differences between elite U17, U21 and senior hurling matches. The variables included the total match duration, the mean and individual duration and number of cycles for both BIP and BOP. In addition, the frequency of BIP and BOP cycles within 0 -15, 16 -30, 31 -45, 46 -60 and > 60 s and the BIP-BOP ratio were calculated. Study II -Match-play performance comparisons between elite and sub-elite hurling players  Young, D., Mourot, L. & Coratella, G. 2018, 'Match-play performance comparisons between elite and sub-elite hurling players', Sport Sciences for Health, vol. 14, no. 1, pp.

Chapter 6 -

 6 Study III -Match-play demands of elite U17 hurlers during competitive matches  Young, D., Mourot, L., Beato, M. & Coratella, G. 2018, 'Match-play demands of elite U17 hurlers during competitive matches', Journal of Strength & Conditioning Research. Epub

Chapter 7 -

 7 Study IV -The match heart-rate and running profile of elite under 21 hurlers during competitive match-play.'  Young, D., Mourot, L., Beato, M. & Coratella, G. 2018, 'The match heart-rate and running profile of elite under 21 hurlers during competitive match-play', Journal of Strength andConditioningResearch, vol. 32, no. 10, pp. 2925-33. 

Chapter 8 -

 8 Study V -The match-play temporal and position-specific physical and physiological demands of senior hurlers'  Young, D., Beato, M., Mourot, L., Coratella, G. 2018, 'The Match-Play Temporal and Position-Specific Physical and Physiological Demands of Senior Hurlers', Journal of Strength & Conditioning Research. Epub ahead of print Chapter 8 presents an investigation into the match-play demands of elite senior hurlers.

22 km•h - 1 )

 1 and the number and length of sprints. In addition, HRpeak and HRmean were calculated. All variables were assessed per playing half and playing position Chapter 9 -Study VI -The match-play sprint performance of elite senior hurlers during competitive games  Young, D., Coratella, G., Malone, S., Collins, K., Mourot, L., Beato, M. 2019, 'The matchplay sprint performance of elite senior hurlers during competitive games', PLoS ONE, pp.

  1 of 3 speed intensity categories based on the player's peak speed. The following speed thresholds were used: < 80% (starting from 22 km•h -1 ), 80 -90%, > 90% of the individual's peak speed. Data are also presented per playing position. Chapter 10 -Study VII -Identification of maximal running intensities during elite hurling match-play  Young, D., Malone, S., Beato, M., Mourot, L., Coratella, G. 2018, 'Identification of maximal running intensities during elite hurling match-play', Journal of Strength and Conditioning Research. Epub ahead of print This chapter provides details of the study, which investigated the maximum running intensities of senior hurling. The study aimed to describe the duration-specific running intensities of elite senior hurling players during competition with respect to position using a rolling average method. Specifically, the relative TD (m•min -1 ), HSR (m•min -1 ; ≥ 17 -22 km•h - Introduction A series of studies were carried out to investigate the overall aim of the thesis. Further details about the specific methods performed are presented within each study (Chapter 4 to 10). Data were collected during sub-elite league and championship (Study II) matches, and elite National League (Study V-VII), Provincial (Study III-VII) and All-Ireland (Study III-VII) Championship matches over the 2016-2018 seasons (Jan -Sept). Time-motion analysis evaluated the duration demands of elite hurling (Study I) Championship matches. GPS (Study II-Study VII) and HR monitors (Study II-V) recorded the external running and HR performances, respectively, during competitive matches. Subjects were familiarised with the technology (GPS and HR) during training sessions before data collection. Players were categorised into five playing positions; full-backs, half-backs, midfielders, half-forwards and full-forwards. Only players who participated in the full game were included in each study (Study II-VII).

  software. The software version remained the same for the duration of the data collection. The GPS unit (dimensions: 48 mm x 20 mm x 87 mm, mass 76 g) was placed within a pouch between each player's shoulder blades (upper thoracic-spine) in a sports vest and worn under the playing jersey. GPS activation and satellite lock were established 15 min before warm-up commenced(Maddison and Ni Mhurchu, 2009). The participants were familiarised with the use of this GPS technology during team training sessions before data collection.In studies III to VII the running characteristics were recorded using the same 10 Hz GPS units and 100 Hz triaxial accelerometer (STATSports, Viper, Northern Ireland)(Beato, Impellizzeri, et al., 2016; Beato et al., 2017). GPS data were downloaded and further analysed by STATSports, Viper software (firmware: 2.7.1.83). The validity and reliability of these GPS units have been previously established(Beato, Bartolini, et al., 2016). The GPS unit (dimensions: 86 mm x 33 mm x 14 mm, mass 50 g) was placed within a pouch between each player's shoulder blades (upper thoracic-spine) in a specific sports vest and worn under the playing jersey. GPS activation and satellite lock were established 15 min before the warm-up commenced(Maddison and Ni Mhurchu, 2009). The participants were familiarised with the use of this GPS technology during team training sessions before data collection.
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 58 recorded within the specific study Procedures Brief descriptions of the procedures used to assess the match-play demands of competition in Study I -VII are presented below. For detailed descriptions of the procedures, see the specific studies (Chapter 4 -10).Study IVideo recordings for 36 championship matches, played over two competitive seasons (2017-2018), resulting in 3048 BIP and 2976 BOP cycles being analysed. Video footage was coded by an experienced observer (> 100 h observation time) for BIP and BOP using SportsCode video analysis software (v11.2.20) (SportsCode, Sportstec, Lower Hutt, New Zealand)[START_REF] Pollard | The ball in play demands of international rugby union[END_REF]. Time, when the ball was continuously in-play, was considered BIP, whereas any stoppages during the match were considered BOP. Each time the ball went out-of-play, it was registered as a stoppage (Siegle and Lames, 2012b, 2012a) and classified by different variables (Shot at Goal, Free, Free Attempted, Sideline and Throw-in). Postcoding, data were analysed for the number and the duration of each BIP and BOP cycle.Furthermore, the longest BIP duration was recorded. The number and the duration of each stoppage were also analysed. In addition, a frequency distribution of BIP and BOP was determined based on the following classifications: 0 -15, 16 -30, 31 -45, 46 -60 and > 60 s[START_REF] Read | The physical characteristics of speciic phases of play during rugby union match-play[END_REF]. A BIP-BOP ratio was also determined using rolling calculations of 2 sequential BIP cycles and the intervening BOP periods(Siegle and Lames, 2012b, 2012a).Study II Hz GPS unit (dimensions: 48 mm x 20 mm x 87 mm, mass 76 g) (SPI Pro, GPSports, Canberra, Australia) was placed within a pouch between the player's shoulder blades (upper thoracic-spine) in a sports vest and worn under the playing jersey. Data collected included TD (m), average speed (m•min -1 ), TD (m) per speed zone (VLSM: 0 -0.7 km•h -1 , walking: 0.7 -7.2 km•h -1 , jogging: 7.2 -14.4 km•h -1 , running: 14.4 -19.8 km•h -1 , HSR: 19.25.2 km•h -1 and sprinting: > 25.2 km•h -1 ) (Rampinini et al., 2007), maximum speed, number of entries (movement between) per speed zones (HSR, sprinting) and length of run performed in the top two speed-zones (HSR, sprinting).

  value of HR attained by the player during the entire match-play duration. Time spent in each HR zone (zone 1: < 50 b•min -1 , zone 2: 50 -80 b•min -1 , zone 3: 80 -120 b•min -1 , zone 4: 120 -160 b•min -1 and zone 5: > 160 b•min -1 ) was also collected (Reilly et al., 2015). GPS and HR data were downloaded to a computer through the STATSport analysis software (STATSport Viper 1.2) to be stored and analysed after each game. On downloading, each GPS unit was labelled as the playing position. First and second half data were identified by a timestamp and manually exported into a Microsoft Excel spreadsheet (Microsoft, Redmond, USA) Study VI To determine the relative sprint thresholds between the existing sprint threshold (22 km•h -1 ) used in hurling and the highest speed, the players' peak running speed was assessed during the familiarisation session. To establish the mean peak speed, all players undertook a 40 m maximal running speed test. Electronic timing gates set at 10 m intervals (Smart Speed, Fusion Sport, Queensland, Australia) (Jennings et al., 2010) were used to record the fastest 10 m split time measured to the nearest 0.01 s. The players commenced each sprint from a standing start, with their front foot 0.5 m behind the first timing gate. They were instructed to sprint as fast as possible over the 40 m distance. Each subject performed three trials separated by at least 3-min of rest (Al Haddad et al., 2015).

  , and sprint distance (> 22 km•h -1 , m•min -1 ) (Malone, Solan, Hughes, et al., 2017). To allow for the development of a velocity-based running characteristics curve, rolling averages were analysed across ten specific durations (1 -10 min) for each player, with a maximum value for each specific duration recorded.

Fig. 1

 1 Fig. 1 Mean ± SD number of ball-in-play (a) and ball-out-play cycles (b) in U17, U21 and senior is shown. *p < 0.05 compared to U17

Fig. 2

 2 Fig. 2 Mean ± SD number (a) and duration (b) of stoppages in U17, U21 and senior. *p < 0.05 compared to U21
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 36 31 ± 2:30 min, ES = 2.59: very large) and U21 (36:48 ± 2:53 min, ES = 2.40: very large).  The number of BIP cycles were higher in senior matches compared to U17 (ES = 1.80: large) and U21 (ES = 1.27: large).  Senior matches had a longer BOP duration and greater number of BOP cycles than U17 (ES = 0.17: trivial, ES = 2.20: very large, respectively) and U21 (ES = 0.17: trivial, ES = 0.99: moderate, respectively).  U17 matches had a lower frequency of BIP cycles (between 16-30 s: ES = -1.75: large) and BOP cycles (> 60 s: ES = -1.33: large) compared to senior.



  High-intensity short-duration training games are suggested for repeating the duration demands of competition. Even though the longest BIP cycles are uncommon and rarely last over one min, hurlers need to experience these durations in training to be physically prepared to play continuously without a break in play.

  demands of elite and sub-elite hurlers during competitive matches This study has been accepted for publication following peer-review. Full reference details are: Young, D., Mourot, L. and Coratella, G. 2018, 'Match-play performance comparisons between elite and sub-elite hurling players', Sport Sciences for Health. Springer Milan, vol. 14, no. 1, pp. 201-8.

  This study has been accepted for publication following peer-review. Full reference details are: Young, D., Mourot, L., Beato, M., Coratella, G. 2018, 'Match-play demands of elite U17 hurlers during competitive matches', Journal of Strength & Conditioning Research. Epub ahead of print
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 4 Journal of Strength and Conditioning Research the TM Copyright ª 2019 National Strength and Conditioning Association 212, ES = 21.99). Full-backs covered 373 6 126 m at HSR during the match, which was lower than half-backs (p , 0.001, MD: 2293 m, 95% CI 2395 to 2191, ES = 21.89), midfielders (p , 0.001, MD: 2339 m, 95% CI 2454 to 2224, ES = 21.90), and half-forwards (p , 0.001, MD: 2314 m, 95% CI 2418 to 2210: ES = 22.22). Half-backs (p , 0.001, MD: 215 m, 95% CI 94-336, ES = 0.78), midfielders (p , 0.001, MD: 261 m, 95% CI 128-393, 0.93), and half-forwards (p , 0.001, MD: 236 m, 95% CI 113-359, ES = 0.99) traveled greater HSR distance than full-forwards. Full-backs accumulated a lower total sprint distance (p = 0.026, MD: 254 m, 95% CI 2104 to 23.7, ES = 21.13) and total number of sprints (p , 0.001, MD: 25, 95% CI 29to22, ES = 21.11) compared with half-forwards. In addition, full-forwards performed less number of sprints than half-forwards (p = 0.005, MD: 24, 95% CI 28t o21, ES = 20.77). There was no difference (p . 0.05) between positions for the mean length of sprint, peak speed, HRpeak, and HRmean during the full match. Players spent a significantly higher percentage (60%) of match-time over 160 b$min 21 compared with time spent between 120-160 b$min 21 (34%, p , 0.001), 80-120 b$min 21 (5%, p , 0.001), 50-80 b$min 21 (1%, p , 0.001), and ,50 b$min 21 (0%, p , 0.001).Figure 1 shows the percentage of time spent in each HR zone per half.

Figure 1 .

 1 Figure 1. Mean % time 6SD spent in each heart rate zone per half is shown. *Significant difference (p , 0.05) between halves.



  6483 ± 1145 m, 108 ± 19 m•min -1 , 583 ± 215 m, 18 ± 6, 15 ± 3 m and 272 ± 77 m, respectively. HRpeak and HRmean were 194 ± 8 b•min -1 and 167 ± 4 b•min -1 , respectively.  Decrements in TD (p < 0.001, ES = 0.72), average speed (p < 0.001, ES = 0.72), HSR (p < 0.001, ES = 0.55), the number of sprints (p < 0.001, ES = 0.57), mean length of sprint (p < 0.011, ES = 0.25), sprint distance (p < 0.001, ES = 0.69), HRpeak (p < 0.001, ES = 0.52) and HRmean (p < 0.001, ES = 0.35) were found between halves.

  elite male U21 hurling players covered the greatest distance in the passive zone (2,743 6 282 m [95% CI: 2,699-2,811]). The distance covered in slow and medium zones was 1,635 6 385 m (95% CI: 1,573-1726) and 1,368 6 394 m (95% CI: 1,319-1,462), respectively. High-speed running and sprint distance accounted for 10 and 4%, respectively, of the TD covered during match-play. The maximum velocity was 29.1 6 1.9 km$h21 .Results comparing positions during the entire match showed that full backs covered a lower TD than half backs (p , 0.05, mean difference [MD]: 2870 m, 95% CI: 21,588 to 2153, ES =1.24),midfielders(p , 0.05, MD: 21,289 m, 95% CI: 22,112 to 2465, ES = 1.39), and half forwards (p , 0.05, MD: 21,305 m, 95% CI: 22042 to 2568, ES = 1.85). Half forwards covered a greater TD than players in the full forward line (p , 0.05, MD: 768 m, 95% CI: 15-1,523, ES = 0.94). Full backs covered a lower relative speed than half backs (p , 0.05, MD: 215 m$min 21 , 95% CI: 226 to 23, ES = 1.24), midfielders (p , 0.05, MD: 221 m$min 21 , 95% CI: 235 to 28, ES = 1.39), and half forwards (p , 0.05, MD: 222 m$min 21 , 95% CI: 234 to 29, ES = 1.85). Half forwards performed a greater distance at HSR than full backs (p , 0.05, MD: 190 m, 95% CI: 15-364, ES =1 . 1 3 )a n dah i g h e rs p r i n td i s t a n c et h a nh a l fb a c k s( p , 0.05, MD: 137 m, 95% CI: 43-231, ES = 1.41). There was no difference (p . 0.05) between positions for the total number of sprints, mean length of sprint, HRpeak, and HRmean. For the entire match, players spent 65% of the match time over 160 b$min 21 compared with 32% (p , 0.05) between 120 and 160 b$min 21 , 3% (p , 0.05) between 80 and 120 b$min 21 , and no time was spent in the lowest 2 zones (,50 b$min 21 , p , 0.05; 50-80 b$min 21 , p , 0.05). No difference was found between positions for the percentage of game time spent in each HR zone. Figure 1 shows the percentage time spent in each HR zone per half. All positions performed a lower TD in the second half. Full forward's HSR and total sprints were the only position to significantly decrease between halves (Table 2). Half backs, half forwards, and full forwards had a lower HRmean in the second half compared with the first half. In the first half, full backs covered a lower TD than half backs (p , 0.05, MD: 2507 m, 95% CI: 2875 to 2140, ES = 1.29), midfielders (p , 0.05, MD: 2669 m, 95% CI: 21,090 to 2247, ES = 1.49), and half forwards (p , 0.05, MD: 2628 m, 95% CI: 21,005 to 2251, ES = 1.43). Full backs covered a lower relative speed than half backs (p , 0.05, MD: 217 m $min 21 , 95% CI: 229 to 25, ES = 1.29), midfielders (p , 0.05, MD: 222 m$min 21 , 95% CI: 236 to 28, ES = 1.49), and half forwards (p , 0.05, MD: 221 m$min 21 , 95% CI: 234 to 28, ES = 1.43) in the first half. There was a greater HSR distance performed by half forwards compared with full backs in the first half (p , 0.05, MD: 102 m, 95% CI: 3-200, ES = 1.05). Half forwards also completed a higher sprint distance than half backs in the first half (p , 0.05, MD: 67 m, 95% CI: 7-127, ES = 0.98). No differences were found between positions for the total number of sprints, mean length of sprint, HRmean, and HRpeak in the first half. Regarding differences between positions in the second half, full backs covered a lower TD than midfielders (p , 0.05, MD: 2620 m, 95% CI: 21,196 to 244, ES = 0.98) and half forwards (p , 0.05, MD: 2677 m, 95% CI: 21,193

Figure 1 .

 1 Figure 1. Mean % time 6 SD spent in each heart rate zone per position is shown. *Significant difference (p , 0.05) between halves.
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

  of sprint was 6688 ± 942 m, 112 ± 16 m•min -1 , 661 ± 203 m, 274 ± 111 m, 18 ± 8 and 16 ± 5 m, respectively. Players' HRmean and HRpeak was 165 ± 9 b•min -1 and 190 ± 7 b•min -1 , respectively. Decrements in TD (p < 0.05, ES = 0.81), HSR (p < 0.05, ES = 0.69), and HRmean (p < 0.05, ES = 0.80) were found between halves.  Full-backs covered significantly less TD than half-backs (p < 0.05, ES = -1.24), midfielders (p < 0.05, ES = -1.39), and half-forwards (p < 0.05, ES = -1.85). Half-forwards covered a greater TD than full-forwards (p < 0.05, ES = 0.94), greater HSR than full-backs (p < 0.05, ES = 1.13), and sprint distance than half-backs (p < 0.05, ES = 1.41).
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Subjects

  

  . There was a temporal decrement observed in relative distance (mean difference [MD] 23m $min 21 , 95% CI 25t o21, ES = 20.18), HSR Journal of Strength and Conditioning Research the (MD 247 m, 95% CI 260 to 234, ES = 20.28), and SD (216 m, 95% CI 226 to 26, ES = 20.24) in the second half.

  Results comparing positions during the entire match showed that full backs covered a moderately lower TD than half backs (p , 0.001, MD 21,280 m, 95% CI 21,727 to 2834, ES = 21.17), midfielders (p , 0.001, MD 21,445 m, 95% CI 21,941 to 2949, ES = 21.32), and half forwards (p , 0.001, MD 2982 m, 95% CI 21,392 to 2572, ES = 20.90) but greater TD than full forwards (p = 0.028, MD 465 m, 95% CI 28-901, ES = 0.42). Full forwards covered largely lower TD than half backs (p , 0.001, MD 21,746 m, 95% CI 22,214 to 21,278, ES = 21.60), midfielders (p , 0.001, MD 21,909 m, 95% CI 22,425 to 21,394, ES = 21.75), and half forwards (p , 0.001, MD 21,447 m, 95% CI 21,881 to 21,014, ES = 21.32). Full forwards experienced a largely greater decrease in TD between halves compared with

Figure 1 .

 1 Figure 1. Mean 6 SD relative distance, high-speed running, and sprint distance covered per half are shown. *Significant difference (p , 0.05) between halves.

  nsca.com VOLUME 00 | NUMBER 00 | MONTH 2019 | 5 Copyright ª 2019 National Strength and Conditioning Association ES = 21.24), midfielders (p , 0.001, MD 227 m$min 21 , 95% CI 235 to 220, ES = 21.39), and half forwards (p , 0.001, MD 221 m$min 21 , 95% CI 227 to 214, ES = 21.85). Full forwards experienced a largely greater decrease in relative distance between halves compared with midfielders (p = 0.004, MD 214 m, 95% CI 225 to 23, ES = 21.75) and half forwards (p = 0.026, MD 210 m, 95% CI 219 to 21, ES = 21.27). All other positions experienced no significant differences' between-half decrements. Half backs, midfielders, and half forwards covered greater HSR than full backs (half back, p , 0.001, MD 415 m$min 21 , 95% CI 277 to 2554, ES = 1.35; midfield, p , 0.001, MD 283 m$min 21 , 95% CI 130-438, ES = 0.92; and half forwards, p , 0.001, MD 283 m$min 21 , 95% CI 156-411, ES = 0.92). Half backs, midfielders, and half forwards also covered greater HSR than full forwards (half back, p , 0.001, MD 429 m$min 21 , 95% CI 284-574, ES = 1.40; midfield, p , 0.001, MD 298 m$min 21 , 95% CI 138-458, ES = 0.97; and half forwards, p , 0.001, MD 298 m$min 21 , 95% CI 163-432, ES = 0.98). No significant differences' betweenhalf decrements were observed among positions. Half backs covered moderately shorter mean length of sprints than full forwards (p = 0.036, MD 21m$min 21 , 95% CI 23to 0, ES = 20.68). No other difference (p . 0.05) between positions was observed over the full game. Full forwards increased their mean length of sprint by a small amount between halves more than full backs (p = 0.018, MD 2 m, 95% CI 0-5, ES = 20.58) and midfielders (p , 0.047, MD 3 m, 95% CI 0-5, ES = 20.70). There was no difference (p . 0.05) between positions for SE in the full game. Half forwards covered greater SD than full backs (p = 0.034, MD 55 m$min 21 , 95% CI 2-108, ES = 0.51) and half backs (p = 0.031, MD 60 m$min 21 , 95% CI 3-118, ES = 0.55). No significant differences' between-half decrements in SE and SD were observed among positions (Figure 2). For the entire match, the subjects spent 44% of the match time over 160 b$min 21 and 43% between 120 and 160 b$min 21 compared with 11% (p , 0.001) between 80 and 120 b$min 21 and 2% between 50 and 80 b$min 21 (p , 0.001). No time was spent in the lowest HR zone (,50 b$min 21 , p , 0.001). The time spent in HR zones increased in the second half in zone 2 (p = 0.008, MD 51 seconds, 95% CI 14-89, ES = 0.47), zone 3 (p , 0.001, MD 240 seconds, 95% CI 165-323, ES = 0.69), and zone 4 (p = 0.002, MD 228 seconds, 95% CI 93-363, ES = 0.45) but decreased in zone 5 (p , 0.001, MD 2511 seconds, 95% CI 2674 to 348, ES = 20.75).

Figure 1

 1 shows the percentage of time spent in each HR zone per half. There was no difference in HRmean between positions for the full game. Half backs had a moderately greater decrease in HRmean than midfielders (p = 0.020, MD 210 b$min 21 , 95% CI 219 to 21, ES = 20.91) and half forwards (p = 0.036, MD 28b $min 21 , 95% CI 216 to 0, ES = 20.73) between halves. Full backs had a higher HRpeak than half backs (p = 0.034, MD 7 b$min 21 , 95% CI 3-14, ES = 0.78) over the full duration of match-play. There was no difference

Figure 2 .

 2 Figure 2. Mean % time 6SD spent in each heart rate zone per half is shown. *Significant difference (p , 0.05) between halves.
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Study V - 

 - The match-play temporal and position-specific physical and physiological demands of senior hurlers What we know now  TD, average speed, HSR, sprint distance, the number of sprints and the mean length of sprint was 7807 ± 1094 m, 112 ± 16 m•min -1 , 851 ± 307 m, 340 ± 109 m, 23.6 ± 7 and 14.5 ± 2.3 m, respectively. Players' HRmean and HRpeak was 161 ± 11 b•min -1 and 188 ± 9 b•min -1 , respectively. Decrements in TD (p = 0.009, ES = -0.15), average speed (p = 0.009, ES = -0.18), HSR (p = 0.001, ES = -0.28), sprint distance (p = 0.001, ES = -0.24), number of sprints (p = 0.001, ES = -0.23), HRmean (p < 0.001, ES = -0.38) and HRpeak (p < 0.001, ES = -0.21) were found between halves.  Half-backs showed between-half decrements in all metrics (p < 0.05) except sprint distance (p = 0.130, ES = -0.26). Midfielders (p < 0.001, ES = -0.68) and half-forwards (p < 0.001, ES = -0.79) experienced second half decrements in HSR.  No decrements (p > 0.05) in running characteristics were found between halves for fullbacks. HRmean was lower in full-backs (p = 0.007, ES = -0.46) and half-backs (p = 0.001, ES = -0.76) in the second half.

Fig 2 .

 2 Fig 2. Mean (± SD) number of repeated-sprint bouts per position per half is presented. https://doi.org/10.1371/journal.pone.0215156.g002



  The match-play sprint performance of elite senior hurlers during competitive games What we know now  The mean number of sprints was 22.2 ± 6.8 accumulating in a total sprint distance of 415 ± 140 m  Players perform more sprints < 20 m (14.0 ± 4.7) compared to ≥ 20 m (8.1 ± 3.6).  The number of sprints decrease as the intensity of sprints increase (< 80%, 80 -90% and > 90% was 10.6 ± 4.3, 8.2 ± 3.6, 3.4 ± 2.4, respectively)  Players sprint near their peak speed 3.4 ± 2.4 times during a game  There is a mean of 208 ± 86 s between sprint efforts  Repeated-sprint bouts (4.5 ± 2.6) rarely occur  Players are required to sprint in both halves  No difference between positions in the majority of sprint metrics analysed Practical Application  Coaches should set-up activities with sufficient distance to allow players to reach sprint speeds (> 22 km•h -1 ) and then ensure that players can maintain this sprint speed for more than 10 m.  Coaches should focus on the length of sprints < 20 m, where the number of sprints is most frequent. The area for small-sided games might be too restrictive for sprints to occur. Players may need to perform sprints between sets of small-sided games  Sprint training needs to reflect the different intensities of sprints  Players sprinted near peak speed during both halves, so the development of the players' peak speed should be trained.  Players should undertake drills that challenge them to reach near their peak speed in sprints during and towards the end of training where players must sprint under fatigue.
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Figure 1 .

 1 Figure 1. Difference in relative total distance (A), high-speed running distance (B), and sprint distance (C) (m$min 21 ) compared with 10-minute rolling average duration. Data are presented as mean (6SD). ^Very large difference from 10 minutes. #Large difference from 10 minutes.

  presented per minute ^ = significant difference from elite senior hurlingFull GameHurling is a team sport played by 15 players with the aim of outscoring the opposition within a set duration. The game has previously been described as an intermittent sport in which the timing of efforts is acyclical and unpredictable(Reilly and Collins, 2008). The results from the current study support this overview of the game (Study I-VII). An analysis of the matchplay activity cycles of elite hurling matches found that a large number of BIP and BOP cycles exists at each level (senior, U21 and U17) (Study I). The duration of BIP and BOP cycles range between 0 -15 s to > 60 s. However, the majority of both BIP and BOP periods were shown to last less than 30 s (Study I). Previous research revealed that the total match duration was a poor indication of the actual match-playing time as the ball was only in-play for 41% of the overall match-time in senior hurling (Collins, Doran and Reilly, 2010), and 44% in International Rugby Union[START_REF] Pollard | The ball in play demands of international rugby union[END_REF]. Similar results were found in this study (Study I), where the ball was only in play for 44%, 43% and 40% of the overall playing time for U17, U21 and senior matches, respectively.

  During the overall match-time, senior hurlers covered TD between ≈ 7358 m (Study VII) and ≈ 7807 m (Study V) during a game. The TD covered at senior level (Study V, VII) is greater than covered at U21 (Study IV) and U17 (Study III). However, senior matches are 11 min longer than U21 (Study IV) and U17 (Study I) matches. This may almost certainly account

  2 km•h -1 ) was used to classify HSR and sprinting (Study II). This may explain the shorter length of sprint compared to senior (Study V), U21 (Study IV) and U17 (Study III). Furthermore, the majority of sprints in elite senior hurling matches were performed < 20 m compared to > 20 m, which is similar to results found in Rugby League (6 -10 m)(Gabbett, 2012b) and soccer (< 10 m)[START_REF] Andrzejewski | Analysis of Sprinting Activities of Professional Soccer Players[END_REF]. Only the mean length of sprint is available for U21 (Study IV) and U17 (Study III). In hurling, critical instances occur during a match where players are required to sprint, such as, chasing an opponent for possession, making a run to support a teammate and attempting to get away from an opponent to score. These activities are common to the game no matter what the level. In addition, the playing area limits the space that players can sprint to before reaching the sideline, end line or coming into a location where an opponent may attempt to tackle them. Therefore, the players may decelerate from the sprint threshold. If the coaches wish to play small-sided games in a confined playing area for technical or tactical reasons, a sprints station could be set up outside of the playing area. After a set duration (3-5 min), a timeout from the game could be called and the players perform 3-4 sprints and then resume the small-sided game. Sufficient rest should be given between the end of the game and start of the sprints and between sprint repetitions.Even though the number of sprints, the mean length of sprint and the peak speed are similar across the three levels (Study III-VII), senior players (Study V) had a higher body mass compared to U21s (Study IV) and U17s (Study III). Given that senior players had an additional mass to carry and covered greater TD and distance at each intensity (walking to sprint distance) (Study V), the sprinting demands could be more demanding on senior players compared to U21s (Study IV) and U17s (Study III). When the number of sprints at elite senior hurling were divided into sprint intensity categories, an inverse relationship was observed (Study VI). A greater number of sprints were performed closer to the minimum sprint intensity category (< 80%) and the lowest number of sprints were performed near the players' mean peak speed. The current results emphasise the importance of the hurlers' ability to perform sprints of varying speeds during match-play and perform sprints close to their peak speed (Study VI). This further profiling of the intensities of these sprints and quantifying the number of times players reach near their peak speed will allow coaches to prepare players for the specific sprint intensities of competition. For example, in training, players could start their sprints on the end line and run to the 40 m line as fast as possible. This distance (≈ 19 m average sprint length plus the distance to reach sprint speed zone [22 km•h -1 ]) would allow players to reach > 90% of their max speed.

  HR close to HRpeak (Reilly and Keane, 2002; Collins, Doran and Reilly, 2010; Reilly et al., 2015). The hurlers in the present studies (Study II -V) recorded similar HRmean compared Australian football (168 ± 8 b•min -1 ) (Veale and Pearce, 2009a), soccer (165 ± 11 b•min -1 ) (Mallo et al., 2015) and Rugby Union (172 b•min -1 : 95% CI 167 to 177 b•min -1 )(Cunniffe et al., 2009). In addition, hurlers' HRpeak was also similar across the levels (senior, U21 and U17) (Study III-V). The similarity in the breakdown of distance in each intensity, where players get an opportunity to walk and recover for large distances may provide players with an opportunity to recover between high-intensity activities and allow their HR to decrease. In addition, the common number and length of sprints across elite levels may explain the comparable HRmean and HRpeak results. Differences existed between levels (senior, U21 and U17) when HR was expressed as the percentage of time spent per HR zones (Study III-V). Both U21s and U17s spent a longer percentage time > 160 b•min -1 and lower percentage time between 120 -160 b•min -1 and 80 -120 b•min -1 compared to elite seniors (Study III-V). There is a greater total and mean individual BOP duration in senior matches compared to U21 and U17 (Study I).During BOP, senior players may be able to use this time to recover and reduce their HR before the next BIP cycle. In addition, senior players covered greater distances walking and jogging compared to U21 and U17 players. As U17s and U21s can only be selected within 2 years and 3 years of the age group, respectively, may play a smaller number of games (U21 competition is straight knockout, teams may only have 1 game) per year and have less frequent training sessions (≈ 3) per week compared to seniors, U17 and U21 players may be only adapting to the running demands of the game. This may be reflected in higher HR values at U17 and U21 level.Whereas, senior hurlers usually have > 3 years on the squad, have a higher training age due to the longer playing career and frequency of training sessions (≈ 5) per week, which may lead to higher fitness levels. Therefore, senior players may have adapted to the demands of the game and can recover more efficiently, which can be observed in a lower percentage time spent > 160 b•min -1 .

*

  (3 -20) -16 * (8 -25) -13 * (2 -24) -10 * (1 -19) -16 * (7 -24) U17 (Study III) -8 * (-14 to -2) -16 * (-23 to -12) -9 * (-17 to -3) -31 * (-37 to -25) -5 (-14 to 2) Elite Senior (Study V) High-Speed Running (m) -18 (-44 to 9) -49 * (-80 to -19) -82 * (-118 to -45) -79 * (-105 to -53) -8 (-37 to 22) IV) -5 (-1 -12) -12 * (6 -18) -7 (-1 -15) -8 * (2 -15) -12 * (6 -Significantly different (p < 0.05) from first half Temporal decrements occurred within positions at each level (elite senior, U21 and U17). The TD and average speed showed less of a drop-off across all positions in elite senior hurlers in the second half compared to U21s (Study IV) and U17s (Study III). In a longer match duration (Study I), elite senior hurlers covered a greater TD and average speed and experienced less of a drop-off in the second half (Study V) compared to U21s (Study IV) and U17s (III). This may reflect a higher fitness level of senior hurlers as they performed greater distances with minimal drop-off in the second half. However, the current study did not measure or account for players' fitness capacity at each level. Conversely, the difference in temporal decrements in HSR, sprint distance, number of sprints, length of sprint, HRmean and HRpeak was similar across all positions at each level (Study III-V). The overall results for HSR and sprint distance were lower in the first half compared to the TD covered. This may explain the similar drop-off in the second half performance at each level (senior, U21 and U17) (Study III -V). Elite senior full-backs showed no between-half difference in any running characteristics (TD, average speed, HSR, sprint distance, number of sprints and mean length of sprint) (Study V-VI) and U21 full-backs only showed a difference in TD and average speed (Study IV). However, U17 full-backs experienced a decrease in all metrics in the second half (TD, average speed, HSR, sprint distance, number of sprints and mean length of sprint) (Study III). As the largest number of stoppages resulted from a Shot at Goal (Study I), this BOP time may have facilitated senior full-backs recovery as they have less running to perform to reset for the following restart. The half-backs at every level covered a lower TD, average speed and HRmean in the second half (Study III-V). The decrease in total workload may have affected players second half HRmean. The HSR and number of sprints were lower in senior and U17 half-backs, whereas U21s showed no difference between halves. The half-backs at U21 level covered less HSR in the first half compared to seniors and U17s, this may explain why U21 half-backs did not experience a drop-off in the second half. Although significant at senior and U17, the number of sprints reduced by two at each level (Study III-V). The midfielders and half-forwards displayed a similar drop-off in TD and average speed at U21 (Study IV) and U17 (Study III) levels and in HSR, sprint distance and number of sprints at senior (Study V) and U17 (Study III) levels. The similarity in roles of half-backs, midfielders

  U17 squad, efficient nutritional habits are in place. Current training practices may be facilitating this drop-off unintentionally, as the activities performed towards the second half of training may not be as demanding as the first 30 min of training. Coaches, when designing training content should reflect on the type and the intensity of training drills or games that are placed throughout the session, so that players are challenged to repeat high-intensity activities towards the end of training. In addition, coaches could consider taking a break for 5-10 min during training for tactical briefings or have players perform stationary activities, so they are recovered and able to perform high-intensity activity throughout the session. This may help minimise the drop-off in second half performance.

  to perform similar sprint activities in both halves. Traditionally, coaches used to have players perform a number of sprints at the end of training. In recent years, sprint drills are typically relocated from the end of training sessions, to the period following the warm-up. Although sprints need to take place towards the start of training, so players are fresh and increasing their peak speed is the focus, the current results demonstrate merit in having sprints located during and at the end of the training session. However, appropriate loading and the intensity of these sprints towards the end of the session needs to be monitored, as players may have accumulated fatigue in the session and may be at an increased risk of injury. In addition, the overall length of training sessions should be considered, as some hurling practices can be up to 90 min in duration and players may pace themselves to last the full duration of training. Therefore, players may become accustomed to a drop-off in performance near the end. It may be of benefit to perform shorter training sessions and try to maintain higher intensities throughout.Tactical Finally, these studies presented the position and temporal match-play demands of hurling. The selection of the team and the players for each position could be based on those who can perform the running and HR demands of competition. In addition, players may be switched into less demanding positions to minimise their drop-off in running characteristics in the second half. This may give the team a tactical advantage as the opposition team's players may be experiencing a drop-off in the second half. As five substitutions are permitted during a game, coaches could develop a strategy of replacing some players in the middle three positions (half-backs, midfielders and halfforwards) while leaving 2 -3 substitutions for injury or tactical changes.

(

  Study II) and 10 Hz (Study III -VII) may have been misleading due to the difference in the number of signals between units.

  no difference observed for the number or mean length of sprints and HRmean. Half-backs had a lower HRpeak at senior level with no difference observed at U21 or U17 levels. No matter what the level (elite senior, U21 and U17 and sub-elite), the majority of metrics decreased in the second half compared to the first. Even though the drop-off was significant, in practical terms this drop-off ranged from 92 m to 479 m in TD, 2 m•min -1 to 16 m•min -1 in average speed, 35 m to 66 m in HSR, 10 m to 32 m in sprint distance and 1 to 2 in the number of sprints.

  

  

The match-play activity cycles in elite U17, U21 and senior hurling competitive games

  

	List of Tables		
	Chapter 2	Literature Review	Page No
	Table 2.1	The positional anthropometric and performance profile of elite	17
		hurling players	
	Table 2.2	Studies that have used GPS to record the external match-play	27-29
		demands of hurling and Gaelic football	
	Table 2.3	The match-play total, high-speed and sprint distance covered in	31-32
		hurling and Gaelic football	
	Table 2.4	The total distance covered per position in hurling and Gaelic	44-45
		football match-play	
	Table 2.5	The high-speed running (≥ 17 km•h -1 ) distance covered per	46-47
		position in hurling and Gaelic football match-play	
	Table 2.6	The sprint (≥ 22 km•h -1 ) distance covered per position in	48-49
		hurling and Gaelic football match-play	
	Table 2.7	The running and HR metrics for hurling that are currently	54
		available in the literature	
	Chapter 3	Methods	
	Table 3.1	The characteristics of the subjects for each study are presented.	63
	Table 3.2	The equipment used to collect data in the original studies	64
	Table 3.3	Overview of the metrics recorded in the original studies	66
	Chapter 4 Study I -Table 4.1 Operational definitions of variables that stop the game of	77
		hurling	
	Table 4.2	Duration and number of ball-in-play and ball-out-of-play	78
		activities for U17, U21 and senior hurling matches	
	Chapter 5	Study II -	The referee
		restarts the play by throwing the ball between two players	
			xii

Match-play demands of elite and sub-elite hurlers during competitive matches

  

	Table 5.2	Players' relative first and second half movement analysis for	89
		sub-elite and elite	
	Table 5.3	Players' relative first and second half number of entries and	90
		length of run for elite and sub-elite	
	Chapter 6	Study III -Match-play demands of elite U17 hurlers during	
		competitive matches	
	Table 6.1	Total, first-, and second-half running and HR values	99
	Table 6.2	Total, first-, and second-half running and HR values per	
		position	
	Chapter 7	Study IV -	
	Table 5.1	Movement analysis adjusted per minute of match-play for elite	89
		and sub-elite senior hurlers	
			xiii

The match heart-rate and running profile of elite under 21 hurlers during competitive match-play

  

	Table 7.1	Running and heart rate values for the total game, first and
		second halves
	Table 7.2	The total, first and second half running, and heart rate values
		per position
	Chapter 8	Study V -

The match-play temporal and position-specific physical and physiological demands of senior hurlers

  

	Table 8.1	Running and HR values for the total game, and first and second
		halves
	Table 8.2	Total, first-and second-half running, and HR values per
		playing position
	Chapter 9	Study VI -

The match-play sprint performance of elite senior hurlers during competitive gamesTable 9 .

 9 1 The sprint analysis for the total game, first and second halves

Table 9

 9 

	.2	The total, first and second half sprint analysis per position
	Table 9.3	The total, first and second half peak speed and number of
		sprints at each speed intensity category per position

Identification of maximal running intensities during elite hurling match-play

  

	List of Figures		
	Chapter 1	Introduction	Page No
	Table 10.1 Figure 1.1	Comparisons between maximal relative total distance (m•min -Illustration of playing positions	154 2
		1 ) for rolling averages of different durations	
	Table 10.2 Chapter 2	Comparisons between maximal high-speed running distance Literature Review	155
	Figure 2.1	(m•min -1 ) for rolling averages of different durations Reilly's (2005) ergonomics model for the analysis of football	18
	Table 10.3	Comparisons between maximal sprint distance (m•min -1 ) for	156
		rolling averages of different durations	
	Table 10.4	Maximum relative, high-speed running distance and sprint	158
		distances (m•min -1 ) of elite senior hurling players by position	
		for each rolling average duration (± SD)	
	Table 10.5	The mean (± SD) maximum running intensities for relative total	163
		distance (m•min -1 ), high-speed running (m•min -1 ) and sprint	
		distance (m•min -1 ) for each rolling average (1-10 min)	
	Chapter	Discussion	
	Table 11.1	The total running and HR values are presented (Study III-V)	168-169
	Table 11.2	The total running and HR values per position are presented for	178-179
		elite hurlers (Study III-VI)	
	Table 11.3	The first and second half running and HR values for sub-elite	182
		seniors and elite senior, U21 and U17 players (Study II-VI).	
	Table 11.4	The between-half difference in total running and HR values per	185-186
		position are presented for elite hurlers (Study III-VI)	
	Chapter	Summary and Practical Applications	
	Table 12.1	The running and HR metrics that are now available in the	200-201
		literature for elite hurling	

  2012b; Kempton et al., 2015; Carling et al., 2016; Malone, Solan and Collins, 2017; Collins et al., 2018; Palucci Vieira et al., 2019).

  Buchheit, Mendez-Villanueva, B. M. Simpson, et al., 2010; Padulo et al., 2015; Schimpchen et al., 2016), Rugby League

Table 2 .1. The positional anthropometric and performance profile of elite hurling players. Data are presented as mean ± SD
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	(Collins, Reilly and Morton, 2014)

  With the development of GPS technology for use in sport, investigators can now evaluate training loads and movement profiles of players on the field (Cunniffe et al., 2009; Cummins et al., 2013). In comparison with other tracking techniques, GPS is time-efficient as it allows for simultaneous tracking of multiple athletes and permits real-time feedback, offering greater practicality in team sports

  2015) can be investigated. The most frequent GPS metrics used to quantify the match-play demands in team sports include TD, average speed, the distance covered at each intensity, maximum speed and the number of sprints(Cunniffe et al., 2009; Gabbett, 2012b; Malone, Solan and Collins, 2017; Malone, Solan, Collins, et al., 2017; Mangan, Malone, et al., 2017; Collins et al., 2018). Table 2.2 provides details of the current hurling and Gaelic football studies that have recorded the external match-play demands of competition.

. One of the purposes of pre-season training should be to progressively build up the players' level of conditioning to meet the demands of the sport

[START_REF] Taylor | Activity Demands During Multi-Directional Team Sports: A Systematic Review[END_REF]

. Once normative data is available for the sport, this will help coaches design appropriate and progressive training programs. In addition, these data can assist strength and conditioning coaches and physiotherapists in the prescription of appropriate training load for proper and safe return to competition following injury

[START_REF] Taylor | Activity Demands During Multi-Directional Team Sports: A Systematic Review[END_REF]

. The use of time-motion analysis at youth level can also help to clarify the demands placed upon them and inform coaches of the change in demands if any, when moving up into older age brackets, especially when talented youth players (e.g., U18 -U20) are selected for the senior squad (Palucci Vieira et al., 2019) . These data can provide insights into the evolution of the game so that age-specific long-term training programmes can be planned and prevent the replication of methods used for senior players (Castagna, D'Ottavio and Abt, 2003; Santiago et al., 2018). GPS has recently been used to quantify the players' training and match-play loads (Collins, Doran and Reilly, 2010; Malone, Collins and Doran, 2016; Collins et al., 2018). Furthermore, these devices can provide a comprehensive picture of the external load experienced during each quarter (Malone, Solan, et al., 2016; Malone, Solan and Collins, 2017; Mangan, Malone, et al., 2017; Tee, Lambert and Coopoo, 2017; Collins et al., 2018), half (Tee, Lambert and Coopoo, 2017) and full-match (Malone, Solan, et al., 2016; Malone, Solan and Collins, 2017; Mangan, Malone, et al., 2017; Collins et al., 2018; McGahan, Mangan, et al., 2018). In addition, GPS has been used to record data, so that positional differences (Malone, Solan and Collins, 2017), temporal changes (Carling and Dupont, 2011; Jones et al., 2015; Malone, Solan, et al., 2016; Tee, Lambert and Coopoo, 2017) and match-to-match variation (Kempton et al.,

Table 2 .2. Studies that have used GPS to record the external match-play demands of hurling and Gaelic football
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	Study	Sport	Level	Matches (n)	Players (n)	Metrics analysed
	The work-rate of elite hurling match-play (Collins et al., 2018)	Hurling	Elite senior	12	94	

  Malone, Solan, et al., 2016; Malone, Solan and Collins, 2017; Mangan, Malone, et al., 2017; Collins et al., 2018; McGahan, Mangan, et al., 2018). The TD figure represents the distance accumulated over the full duration of the event (e.g. match or training) (Whitehead et al., 2018). A number of studies have calculated the TD covered in Gaelic football (Malone, Solan, et al., 2016; Malone, Solan and Collins, 2017; Mangan, Malone, et al., 2017; McGahan, Mangan, et al., 2018), soccer

[START_REF] Barros | Analysis of the distances covered by first division Brazilian soccer players obtained with an automatic tracking method[END_REF]

; Rampinini et al., 2009; Carling and Bloomfield, 2010; Varley, Gabbett and Aughey, 2014; Atan, Foskett and Ali, 2016), Rugby Union (Cunniffe et al., 2009; Phibbs et al., 2018), Rugby League (Varley, Gabbett and Aughey, 2014; Whitehead et al., 2019) and Australian football (Coutts et al., 2010; Wisbey et al., 2010). Currently, there is limited data available for TD covered in hurling (Collins et al., 2018).

The TD in soccer (≈ 13000 m) (Dalen et al., 2016) and Australian football (≈ 13000 m) (Coutts et al., 2010; Varley, Gabbett and Aughey, 2014) supersedes that covered in hurling (≈ 7600 m) (Collins et al., 2018), Gaelic football (≈ 8800 m) (Malone, Solan and Collins, 2017), Rugby Union (≈ 7000 m) and Rugby League (≈ 6300 m) (Varley, Gabbett and Aughey, 2014; Whitehead et al., 2019).

Table 2 .3. The match-play total, high-speed and sprint distance covered in hurling and Gaelic football

 2 Furthermore, coaches can use this average speed figure to replicate the match demands in training games or drills (Malone, Collins and Doran, 2016). The TD and average speed values only present an overview of the work completed, both figures fail to provide details about the intensity of the activity completed. Due to the start-stop nature of invasion games, players are required to change speeds throughout the match (Gray and Jenkins, 2010).

	Study	Sport	Population	Total Distance (m)	≥ 17 km•hr -1 (m)	≥ 22 km•hr -1 (m)
	(Collins et al., 2018)	The work-rate of elite hurling match-play	Senior hurling	7617 ± 1219	1134 ± 358	319 ± 129
	(Mangan, Ryan, et al., 2019)	Seasonal changes in Gaelic football match-play running performance	Senior Gaelic football		Q1: 428 ± 185 Q2: 389 ± 178 Q3: 394 ± 184	
					Q4: 367 ± 163	
	(Ryan et al., 2018)	An acceleration profile of elite Gaelic football with special reference to position of play	Senior Gaelic football	8257 ± 1641	1 st Half: 816 ± 296 2 nd Half: 740 ± 275	1 st Half: 281 ± 120 2 nd Half: 245 ± 102
	(Ryan, Malone and Collins, 2018)	An acceleration profile of elite Gaelic football match-play	Senior Gaelic football		1563 ± 605	524 ± 190
	(Mangan et al., 2018)	Influence of team rating on running performance in elite Gaelic football	Senior Gaelic football	8628 ± 1942	1578 ± 630	
	(McGahan, Mangan, et al., 2018)	Match-play running demands and technical performance among elite Gaelic footballers	Senior (Div. 1) Gaelic football		1145 ± 436	
	(McGahan, Mangan, et al., 2018)	Match-play running demands and technical performance among elite Gaelic footballers	Senior (Div. 3) Gaelic football		1358 ± 462	
	(Cullen et al., 2017)	Physiological profile and activity pattern of minor Gaelic football players	Elite & sub-elite youth (U18)	5774 ± 737		

Table 2 .4. The total distance covered per position in hurling and Gaelic football match-play. Data (m) is presented in mean ± SD or 95% Confidence Intervals

 2 

	. Numerous studies have attempted to describe the

Table 2 .5. The high-speed running (≥ 17 km•h -1 ) distance covered per position in hurling and Gaelic football match-play. Data (m) is presented in mean ± SD or 95% Confidence Intervals

 2 

	Study	Sport	Population	Full-Backs	Half-Backs	Midfielders	Half-Forwards	Full-Forward
	(Collins et al., 2018)	The work-rate of elite hurling match-play	Senior Hurling	880 ± 204	1043 ± 245	1571 ± 371	1249 ± 262	1008 ± 359
		An acceleration profile		1 st Half: 564 ±	1 st Half: 921 ±	1 st Half: 976 ±	1 st Half: 964 ±	1 st Half: 676 ±
	(Ryan et al., 2018)	of elite Gaelic football with special reference to	Senior Gaelic Football	194 2 nd Half: 568 ±	297 2 nd Half: 823 ±	227 2 nd Half: 956 ±	271 2 nd Half: 840 ±	312 2 nd Half: 581 ±
		position of play		257	264	222	240	189
			Senior					
		Match-play running	Gaelic Football	796 ± 255	1339 ± 433	1221 ± 216	1500 ± 548	1051 ± 250
	(McGahan, Mangan, et	demands and technical	(Div. 1)					
	al., 2018)	performance among elite	Senior					
		Gaelic footballers	Gaelic Football	1072 ± 340	1339 ± 289	1767 ± 295	1659 ± 254	1030 ± 578
			(Div. 3)					
		The influence of match						
	(Mangan, Malone, et al., 2017)	outcome on running performance in elite	Senior Gaelic Football	≈ 1100	≈ 1700	≈ 1850	≈ 1800	≈ 1100
		Gaelic football						
		The metabolic power and						
	(Malone, Solan,	energetic demands of	Senior	1331	1831	2021	1851	1351
	Collins, et al., 2017)	elite Gaelic football	Gaelic Football	(1289-1598)	(1821 -2011)	(1981 -2562)	(1824 -2111)	(1284 -1441)
		match play						

Table 2 .6. The sprint (≥ 22 km•h -1 ) distance covered per position in hurling and Gaelic football match-play. Data (m) is presented in mean ± SD or 95% Confidence Intervals

 2 

	Study	Sport	Population	Full-Backs	Half-Backs	Midfielders	Half-Forwards	Full-Forwards
	(Collins et al., 2018)	The work-rate of elite hurling match-play	Senior hurling	291 ± 90	275 ± 124	404 ± 166	348 ± 127	292 ± 105
	(Malone, Solan, Collins, et al., 2017)	The metabolic power and energetic demands of elite Gaelic football match play	Senior Gaelic football	381 (371 -391)	478 (446 -498)	458 (438 -481)	488 (486 -501)	357 (350 -364)
	(Mangan, Ryan, et al., 2017)	The relationship between technical performance indicators and running performance in elite Gaelic football	Senior Gaelic football	1 st Half: 199 ± 95 2 nd Half: 187 ± 90	1 st Half: 328 ± 104 2 nd Half: 279 ± 108	1 st Half: 295 ± 71 2 nd Half: 306 ± 106	1 st Half: 334 ± 130 2 nd Half: 274 ± 93	1 st Half: 226 ± 96 2 nd Half: 198 ± 66
				Q1: 98	Q1: 137	Q1: 154	Q1: 140	Q1: 93
	(Malone, Solan and Collins, 2017)	The running performance profile of elite Gaelic football match-play	Senior Gaelic football	(77 -134) Q2: 96 (75 -130) Q3: 95	(89 -181) Q2: 130 (86 -179) Q3: 124	(97 -251) Q2: 145 (95 -194) Q3: 135	(90 -185) Q2: 137 (94 -182) Q3: 130	(68 -118) Q2: 90 (66 -115) Q3: 88
				(72 -127)	(75 -173)	(93 -184)	(90 -165)	(65 -114)

Table 2 .7. The running and HR metrics for hurling that are currently available in the literature Metrics Full Game Position Temporal Decrement Elite Senior Elite U17 & U21 Elite Senior Elite U17 & U21 Elite Senior Elite U17 & U21

 2 

	al., 2017; Malone, Solan, Hughes, et al., 2017). Current studies, which have used a moving
	average method have focused on 1-10 min durations (Delaney et al., 2015, 2017; Malone,
	Solan, Hughes, et al., 2017), as the 10 min duration has been shown to be close to the whole
	game average speeds (Delaney et al., 2015). Results from Rugby League revealed that the

, 2016; Collins et al., 2018). In the literature, speed-zone thresholds vary from study to study. Even within the same sport, researchers chose to select different speed-zone thresholds. However, the majority of hurling and Gaelic football match-play research have used similar speed-zones (Malone, Solan and Collins, 2017; Mangan, Malone, et al., 2017; Collins et al., 2018; McGahan, Mangan, et al., 2018).

A standard method used by researchers to measure the internal performance of players during competition has been HR (Cunniffe et al., 2009; Collins, Doran and Reilly, 2010; Reilly et al., 2015; Cullen et al., 2017). Studies have presented the HRpeak, HRmean (Cunniffe et al., 2009; Collins, Doran and Reilly, 2010; Reilly et al., 2015; Cullen et al., 2017) and time spent in each HR zone

Table 3 .1. The characteristics of the subjects for each study are presented. Values are presented in mean ± SD

 3 

	Study Number	Level	Games	n	Age	Body Mass	Stature
						(kg)	(cm)
	I	Elite U17, U21, senior	36	538			
	II	Elite & sub-elite	16	48	26.1 ± 4.1 85.1 ± 5.3	182 ± 5
	III	Elite U17	18	76	16.6 ± 0.4 69.4 ± 6.1	177.4 ± 6.2
	IV	Elite U21	10	95	20.8 ± 0.9 77.4 ± 2.9	181.4 ± 6.4
	V	Elite senior	18	36	27 ± 4	86 ± 4	181 ± 5
	VI	Elite senior	18	51	28 ± 4	88 ± 5	184 ± 6
	VII	Elite senior	22	36	27 ± 4	86 ± 4	181 ± 5

Table 3 .2. The equipment used to collect data in the original studies Study GPS HR SportsCode

 3 

Table 1

 1 

	Operational deinitions of variables that stop the game	Action	Descriptor
	of hurling	Shot at goal	Any strike that ends in a goal, point or wide
		Free	A foul that is awarded, when taken remains in play
		Free attempted	

A foul that is awarded, when taken ends in a goal, point or wide Sideline

Table 2

 2 Duration and number of ball-in-play and ball-out-of-play activities for U17, U21 and senior hurling matches Data are presented as total, mean ± SD, mean diferences, 95% CI and efect size MD mean diference, 95% CI 95% conidence intervals, ES efect size a p < 0.05 compared to U17

	b p < 0.05 compared to U21

Table 1

 1 Movement analysis adjusted per minute of match-play for elite and sub-elite senior hurlers Data presented as mean ± SD, diference (95% conidence intervals) and efect size TD total distance, VLSM very low speed movement, HSR high-speed running, CI conidence interval

		TD	TD VLSM	TD	TD jogging	TD	TD HSR	TD sprinting	Number of	Number of
		(m min -1 )	(m min -1 )	walking	(m min -1 )	running	(m min -1 )	(m min -1 )	entries HSR	entries sprint-
				(m min -1 )		(m min -1 )			(m min -1 )	ing (m min -1 )
	Elite	118 ± 9	30 ± 2	32 ± 5	25 ± 6	11 ± 2	2.9 ± 1.1	0.24 ± 0.20	0.37 ± 0.12	0.04 ± 0.03
	Sub-elite	93 ± 16 ˄	36 ± 4 ˄	27 ± 3 ˄	26 ± 5	19 ± 2 ˄	3.3 ± 0.4	0.27 ± 0.03	0.43 ± 0.10	0.04 ± 0.01
	Diference	24 (13-34)	6 (4-9)	4 (1-7)	1 (-3 to 6) 7 (6-9)	0.4 (-0.03	0.03 (-0.08	0.06 (-0.03	0.001
	(95% CI)						to 1)	to 0.14)	to 0.14)	(-0.017 to
										0.019)
	Efect size	1.85	1.90	1.21	0.18	4	0.48	0.21	0.54	0
	˄ Signiicantly (p < 0.05) diferent from elite							

Table 2

 2 Players' relative irst and second half movement analysis for sub-elite and elite Data presented as Mean ± SD, diference (95% conidence intervals) and efect size TD total distance, VLSM very low speed movement, HSR

high-speed running, HRmean mean heart rate, CI

Table 3

 3 Players' relative irst and second half number of entries and length of run for elite and sub-elite Data presented as mean ± SD, diference (95% conidence intervals) and efect size HSR high-speed running, HRmean mean heart rate, CI conidence interval *Signiicantly (p < 0.05) diferent from irst half

		Number of entries HSR	Number of entries Sprinting
		Elite	Sub-elite	Elite	Sub-elite
	First half	0.24 ± 0.08	0.25 ± 0.05	0.02 ± 0.02	0.03 ± 0.01
	Second half	0.18 ± 0.07*	0.23 ± 0.07	0.02 ± 0.02	0.02 ± 0.01
	Diference (95% CI)	0.06 (0.02-0.09)	0.03 (-0.01 to 0.06)	0.004 (-0.003	0.006
				to 0.012)	(-0.002
					to 0.013)
	Efect size	0.80	0.33	0.00	0.99

TABLE 1 .

 1 Total, first-, and second-half running and HR values.* † procedures set and approved by the University of Bourgogne Franche-Comte ´Research Ethics Committee. The study was conducted according to the Declaration of Helsinki (1975) for studies involving human subjects.

		Total	1st half	2nd half	Difference 95% CI	Effect size
	Total distance (m)	6,483 6 1,145 3,486 6 728 3,007 6 586z 2436 (2525 to 2347)	0.72
	Relative distance (m$min 21 )	108 6 19	116 6 24	100 6 20z	214 (218 to 212)	0.72
	High-speed running (m)	583 6 215	329 6 132	263 6 108z	262 (277 to 247)	0.55
	Number of sprints (n)	18 6 61 0 6 48 6 3z	22.3 (22.8 to 21.9)	0.57
	Mean length of sprint (m)	15 6 31 6 6 41 5 6 4z	21.0 (21.8 to 20.2)	0.25
	Total sprint distance (m)	272 6 77	153 6 50	121 6 43z	232 (240 to 224)	0.69
	HRmean (b$min 21 )	167 6 4	168 6 4	166 6 7z	21.7 (22.4 to 21.0)	0.35
	HRpeak (b$min 21 )	194 6 8	193 6 6	189 6 9z	23( 25t o23)	0.52

TABLE 2 .

 2 . Results comparing positions during the full match showed that full-backs covered less TD than half-backs (p , 0.001, mean difference [MD] 21,703 m, 95% CI 22,209 to 21,196, ES = 21.73), midfielders (p , 0.001, MD 22,004 m, 95% CI 22,579 to 21,430, ES = 22.61), and half-forwards (p , 0.001, MD: 21,583 m, 95% CI 22,095 to 21,072, ES = 22.52). Full-forwards covered less TD than half-backs (p , 0.001, MD: 21,465 m, 95% CI 22,057 to 2872, ES = 21.47), midfielders (p , 0.001, MD: 21,767 m, 95% CI 22,419 to 21,114, ES = 22.26), and halfforwards (p , 0.001, MD: 21,346 m, 95% CI 27,943 to 2748, ES = 22.09). Full-backs covered lower relative distance than half-backs (p , 0.001, MD: 228 m$min 21 , 95% CI 237 to 220, ES = 21.72), midfielders (p , 0.001, MD: 233 m$min 21 , 95% CI 243 to 224, ES = 22.64), and halfforwards (p , 0.001, MD: 226 m$min 21 , 95% CI 235 to 218, ES = 22.49). Full-forwards covered less relative distance than half-backs (p , 0.001, MD: 224 m$min 21 , 95% CI 234 to 215, ES = 21.44), midfielders (p , 0.001, MD: 229 m$min 21 , 95% CI 240 to 219, ES = 22.22), and halfforwards (p , 0.001, MD: 222 m$min 21 , 95% CI 232 to Journal of Strength and Conditioning Research the Total, first-, and second-half running and HR values per position are presented.* †

		Full-backs	Half-backs	Midfield	Half-forwards	Full-forwards
	Total distance (m)					
	Total	5,342 6 792	7,044 6 1,145z	7,346 6 742z	6,925 6 399z	5,580 6 817 §║ ¶
	1st half	2,792 6 368	3,787 6 909	3,821 6 360	3,955 6 299	2,874 6 333
	2nd half	2,550 6 542# 3,257 6 538#	3,525 6 413#	3,013 6 224#	2,705 6 645
	Diff (95% CI)	2242 (2423 to	2531 (2704 to 2357) 2296 (2516 to	2941 (21,119 to	2169 (2406 to 68)
		261)		276)	2764)	
	ES	20.52	20.71	20.76	23.57	20.33
	Relative distance					
	(m$min 21 )					
	Total	89 6 2	117 6 19z	122 6 12z	115 6 7z	93 6 14 §║ ¶
	1st half	93 6 12	126 6 30	127 6 12	132 6 89 6 6 11
	2nd half	85 6 18#	109 6 18#	118 6 14#	100 6 7#	90 6 22
	Diff (95% CI)	28( 214 to 22)	216 (223 to 212)	29( 217 to 23) 231 (237 to 225)	25( 214 to 2)
	ES	20.52	20.69	20.69	24.26	20.35
	High-speed running (m)					
	Total	373 6 126	666 6 180z	712 6 218z	687 6 155z	451 6 140 §║ ¶
	1st half	206 6 68	383 6 109	399 6 134	394 6 116	244 6 82
	2nd half	167 6 85#	283 6 106#	314 6 107#	328 6 68#	225 6 72
	Diff (95% CI)	239 (270 to 29) 2101 6 (2130 to 271) 285 (2122 to	66 (297 to 235)	219 (259 to 21)
				248)		
	ES	20.51	20.93	20.70	20.69	20.25
	No. of sprints					
	Total	15 6 31 8 6 61 8 6 52 1 6 7z	16 6 6 ¶
	1st half	9 6 21 0 6 51 1 6 31 2 6 49 6 3
	2nd half	7 6 1#	8 6 3#	7 6 3#	9 6 3#	7 6 4#
	Diff (95% CI)	21.9 (22.9 to	21.6 (22.5 to 20.7)	23.5 (24.7 to	23.3 (24.3 to 22.3)	21.4 (22.4 to
		20.9)		22.3)		20.3)
	ES	21.27	20.49	21.33	20.85	20.57
	Mean length of sprint					
	(m)					
	Total	14 6 21 5 6 21 6 6 41 6 6 31 6 6 2
	1st half	15 6 41 6 6 31 6 6 51 7 6 41 4 6 3
	2nd half	14 6 41 5 6 31 4 6 2#	14 6 4#	17 6 6#
	Diff (95% CI)	21.3 (22.8 to 0.2)	21.5 (23.0 to 0.0)	22.3 (24.4 to	23.5 (25.4 to 21.6)	3.4 (1.5-5.3)
				20.2)		
	ES	20.25	0.33	20.53	20.75	0.63
	Total sprint distance (m)					
	Total	242 6 33	273 6 95	294 6 91	296 6 59z	263 6 81
	1st half	132 6 18	155 6 67	176 6 51	167 6 34	140 6 50
	2nd half	109 6 21#	117 6 52#	132 6 46#	128 6 31#	126 6 56
	Diff (95% CI)	223 (239 to 27)	238 (254 to 223)	244 (264 to 224) 239 (258 to 221)	214 (236 to 7)
	ES	21.18	20.63	20.91	21.20	20.26
	HRmean (b$min 21 )					
	Total	168 6 4	167 6 4	167 6 3	167 6 4	166 6 2
	1st half	168 6 4	169 6 4	169 6 3	167 6 5	166 6 3
	2nd half	167 6 5	165 6 5#	166 6 5#	167 6 5	165 6 3
	Diff (95% CI)	20.8 (22.4 to 0.7) 23.9 (25.4 to 22.4)	22.1 (23.9 to	20.8 (22.5 to 0.8) 20.9 (22.6 to 0.9)
				20.2)		
	ES	20.22	20.88	20.73	20.00	20.33
	HRpeak (b$min 21 )					
	Total	196 6 6	194 6 10	194 6 6	192 6 6	191 6 8
	1st half	195 6 6	192 6 4	194 6 6	191 6 6	190 6 8
	2nd half	189 6 8#	190 6 10	188 6 6#	190 6 7	185 6 12#
	Diff (95% CI)	25.9 (28.6 to	21.4 (24.1 to 1.3)	25.5 (28.8 to	21.5 (24.3 to 1.3)	25.1 (28.1 to
		23.2)		22.2)		22.1)
	ES	20.85	20.26	1.00	20.15	20.49
	*HR = heart rate; Diff = difference; CI = confidence interval; ES = effect size; HRmean = average heart rate; HRpeak = peak heart
	rate.					
	†Data are presented as mean 6SD, difference (95% CI), and effect size.		
	zSignificantly different (p , 0.05) from full-backs.			
						

§Significantly different (p , 0.05) from half-backs. ║Significantly different (p , 0.05) from midfielders. ¶Significantly different (p , 0.05) from half-forwards. #Significantly different (p , 0.05) from the first half.

TABLE 1 .

 1 Running and heart rate values for the total game, first and second halves.* †

		Total	First half	Second half	Difference 95% CI	Effect size
	Total distance (m)	6,688 6 942	3,541 6 479	3,147 6 615z	393 (272 to 513)	0.71
	Relative speed (m$min 21 )	112 6 16	118 6 16	105 6 21z	13 (9 to 17)	0.70
	High-speed running (m)	661 6 203	348 6 113	313 6 118z	32 (9 to 55)	0.30
	No. of sprints (n)	18 6 89 6 59 6 4	0.7 (20.3 to 1.6)	0.00
	Length of sprint (m)	16 6 5	16 6 7	16 6 6	0.5 (21 to 2)	0.00
	Sprint distance (m)	274 6 111	142 6 68	132 6 69	8 (28 to 25)	0.15
	HRmean (b$min 21 )	165 6 9	170 6 9	161 6 12z	9 (6 to 12)	0.85
	HRpeak (b$min 21 )	190 6 7	189 6 7	184 6 13z	5 (2 to 8)	0.48

TABLE 2 .

 2 The total, first and second half running, and heart rate values per position.* †

				Journal of Strength and Conditioning Research TM the	| www.nsca.com
		Full backs	Half backs	Midfield	Half forwards	Full forwards
		(n = 22)	(n = 21)	(n = 13)	(n = 19)	(n = 20)
	Total distance (m)					
	Total	5,945 6 676	6,816 6 729z 7,234 6 1,128z 7,251 6 732z 6,482 6 889 §
	First half	3,142 6 442	3,649 6 337z	3,810 6 452z	3,770 6 434z 3,474 6 432
	Second half	2,804 6 462k	3,167 6 570k	3,424 6 766zk 3,481 6 410zk 3,008 6 666k
	Diff (95% CI)	338 (92-584)	482 (231-734)	387 (67-707)	289 (25-554) 467 (209-724)
	ES	0.75	1.03	0.61	0.68	0.83
	Relative speed					
	(m$min 21 )					
	Total	99 6 11	114 6 12z	121 6 19z	121 6 12z	108 6 15 §
	First half	105 6 15	122 6 11z	127 6 15z	126 6 15z	116 6 14
	Second half	94 6 15k	106 6 19k	114 6 26zk	116 6 14zk	100 6 22k
	Diff (95% CI)	11 (3-20)	16 (8-25)	13 (2-24)	10 (1-19)	16 (7-24)
	ES	0.73	1.03	0.61	0.68	0.86
	High-speed running (m)					
	Total	537 6 177	672 6 138	722 6 328	726 6 157z	684 6 179
	First half	284 6 104	355 6 100	351 6 143	386 6 89z	375 6 117
	Second half	253 6 100	317 6 81	372 6 191z	341 6 87	310 6 115k
	Diff (95% CI)	31 (216 to 78) 38 (210 to 86) 221 (282 to 40) 45 (25 to 95) 65 (16 to 114)
	ES	0.30	0.42	0.12	0.51	0.56
	No. of sprints					
	Total	17 6 8	16 6 7	14 6 8	22 6 9	19 6 7
	First half	8 6 59 6 47 6 4	11 6 5	11 6 5
	Second half	9 6 47 6 48 6 5	11 6 58 6 4k
	Diff (95% CI)	20.2 (22.1 to 1.8) 1.1 (20.9 to 3.1) 20.7 (23.2 to 1.8) 0.6 (21.5 to 2.7) 2.4 (0.3 to 4.4)
	ES	0.22	0.50	0.22	0.00	0.66
	Length of sprints (m)					
	Total	16 6 5	14 6 5	18 6 5	16 6 5	16 6 5
	First half	16 6 1	14 6 1	18 6 2	15 6 2	16 6 1
	Second half	16 6 1	14 6 1	17 6 2	17 6 1	17 6 1
	Diff (95% CI)	20.3 (24 to 3) 20.4 (24 to 3)	0.4 (24 to 5)	21.6 (25 to 2) 20.5 (24 to 3)
	ES	0.00	0.00	0.50	1.26	1.00
	Sprint distance (m)					
	Total	267 6 101	207 6 82	262 6 137	344 6 110 ¶	292 6 95
	First half	142 6 68	107 6 55	131 6 66	174 6 80 ¶	154 6 59
	Second half	125 6 51	100 6 52	131 6 98	170 6 64 ¶	139 6 70
	Diff (95% CI)	16 (218 to 51)	7 (228 to 42)	1 (244 to 46)	3 (234 to 41) 15 (221 to 51)
	ES	0.28	0.13	0.00	0.06	0.23
	HRmean (b$min 21 )					
	Total	165 6 11	164 6 9	166 6 8	167 6 8	165 6 10
	First half	168 6 12	170 6 8	169 6 7	171 6 5	172 6 9
	Second half	163 6 11	158 6 15 §	162 6 10	163 6 14 §	159 6 12 §
	Diff (95% CI)	5 (21 to 12)	12 (6 to 18)	7 (21 to 15)	8 (2 to 15)	12 (6 to 18)
	ES	0.43	1.00	0.81	0.76	1.23
	HRpeak (b$min 21 )					
	Total	191 6 7	190 6 6	190 6 3	188 6 7	191 6 9
	First half	191 6 8	188 6 8	188 6 6	188 6 6	191 6 8
	Second half	186 6 8	186 6 7	186 6 3	177 6 24	187 6 9
	Diff (95% CI)	5 (22 to 11)	2 (24 to 8)	3 (26 to 11)	11 (4 to 18)	4 (22 to 10)
	ES	0.63	0.27	0.42	0.63	0.47
	*Diff = mean difference; CI = confidence interval; ES = effect size; HRmean = average heart rate; HRpeak = peak heart rate.
	†Data are presented as mean 6 SD, mean difference (95% CI) and effect size.		
	zSignificantly different (p , 0.05) from full backs.			
	§Significantly different (p , 0.05) from half forwards.			
	kSignificantly different (p , 0.05) from first half.				
	¶Significantly different (p , 0.05) from half backs.			
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TABLE 1 .

 1 Running and HR values for the total game, and first and second halves.* † are presented as mean 6 SD, mean difference (95% CI), and effect size. zSignificantly different (p , 0.05) from first half.

		Total	1st half	2nd half	Difference, 95% CI	Effect size
	Total distance (m)	7,807 6 1,094	3,950 6 540	3,858 6 677z	291 (2160 to 222)	20.15
	No. of sprints (n)	23.6 6 7.0	12.3 6 4.3	11.3 6 4.3z	21.1 (21.7 to 20.4)	20.23
	Length of sprint (m)	14.5 6 2.3	14.5 6 3.3	14.7 6 4.2	0.2 (0.4 to 20.9)	0.05
	HRmean (b$min 21 )	161 6 11	165 6 10	161 6 11z	24( 26t o22)	20.38
	HRpeak (b$min 21 )	188 6 9	187 6 9	185 6 10z	22( 24t o22)	20.21

*HR = heart rate; HRmean = average heart rate; HRpeak = peak heart rate. †Data

TABLE 2 .

 2 Total, first-and second-half running, and HR values per playing position.* †

		Full backs	Half backs	Midfield	Half forwards	Full forwards
	Total distance (m)					
	Total	7,235 6 964	8,516 6 801 §	8,679 6 669 §	8,217 6 609 §	6,770 6 981 §k ¶#
	1st half	3,638 6 451	4,336 6 327	4,355 6 305	4,153 6 284	3,455 6 560
	2nd half	3,596 6 628	4,179 6 553z	4,325 6 519	4,064 6 512	3,315 6 631z
	Diff (95% CI)	242 (2178 to 94)	2157 (2314 to 0)	230 (2216 to 156)	289 (2223 to 44)	2140 (2290 to 11)
	ES	20.08 (trivial)	20.35 (small)	20.07 (trivial)	20.21 (small)	20.23 (small)
	Relative distance					
	(m$min 21 )					
	Total	103 6 14	122 6 11 §	124 6 10 §	117 6 9 §	97 6 14 §k ¶#
	1st half	104 6 13	124 6 9	124 6 9	119 6 89 9 6 16
	2nd half	103 6 18	119 6 16z	124 6 15	116 6 15	95 6 18z
	Diff (95% CI)	21( 25t o3 )	24( 29t o0 )	21( 26t o4 )	23( 26t o1 )	24( 28t o0 )
	ES	20.06 (trivial)	20.39 (small)	20.00 (trivial)	20.25 (small)	20.23 (small)
	High-speed running (m)					
	Total	671 6 261	1,086 6 385 §	954 6 191 §	954 6 185 §	657 6 214k ¶#
	1st half	344 6 137	568 6 191	518 6 123	517 6 104	332 6 123
	2nd half	326 6 145	518 6 212z	436 6 118z	438 6 95z	324 6 113
	Diff (95% CI)	218 (244 to 9)	249 (280 to 219) 282 (2118 to 245) 279 (2105 to 253)	28( 237 to 22)
	ES	20.13 (trivial)	20.25 (small)	20.68 (moderate)	20.79 (moderate)	20.07 (trivial)
	Sprint efforts (n)					
	Total	22.7 6 9.2	22.8 6 7.2	23.0 6 4.7	25.4 6 6.8	23.3 6 54.8
	1st half	11.6 6 4.9	12.3 6 4.9	12.3 6 3.7	13.2 6 4.2	12.0 6 2.9
	2nd half	11.1 6 5.3	10.5 6 3.9z	10.7 6 2.9	12.2 6 4.4	11.4 6 3.5
	Diff (95% CI)	20.5 (21.7 to 0.7) 21.8 (23.2 to 20.4) 21.5 (23.2 to 0.1)	21.0 (22.2 to 0.2)	20.6 (21.9 to 0.7)
	ES	20.10 (trivial)	20.40 (small)	20.48 (small)	20.23 (small)	20.19 (trivial)
	Length of sprint (m)					
	Total	14.0 6 2.5	13.8 6 2.0	14.4 6 1.9	14.9 6 2.3	15.2 6 2.5
	1st half	14.1 6 3.3	13.4 6 2.6	14.8 6 2.9	15.4 6 3.7	14.6 6 3.3
	2nd half	14.0 6 3.8	15.0 6 5.8z	13.8 6 2.9	14.4 6 3.1	16.4 6 4.4z
	Diff (95% CI)	0.1 (21.2-1.4)	1.6 (0.1-3.2)	21.1 (22.9 to 0.8)	21.0 (22.3 to 0.3)	1.8 (0.3-3.3)
	ES	20.03 (trivial)	0.36 (small)	20.35 (small)	20.29 (small)	0.46 (small)
	Sprint distance (m)					
	Total	318 6 135	313 6 111	330 6 79	374 6 100 §k	353 6 85
	1st half	166 6 83	165 6 74	179 6 56	201 6 77	173 6 53
	2nd half	153 6 67	148 6 56	151 6 63z	173 6 59z	180 6 54
	Diff (95% CI)	213 (232 to 6)	217 (239 to 5)	228 (255 to 2)	228 (247 to 9)	7 (215-28)
	ES	20.17 (trivial)	20.26 (small)	20.45 (small)	20.41 (small)	0.13 (trivial)
	HRmean (b$min 21 )					
	Total	161 6 10	156 6 13	166 6 8	164 6 11	161 6 8
	1st half	165 6 8	161 6 10	169 6 8	166 6 11	165 6 9
	2nd half	160 6 13z	153 6 11z	167 6 6	164 6 9	162 6 9
	Diff (95% CI)	25( 29t o22)	27( 212 to 23)	22( 28t o3 )	23( 27t o1 )	23( 27t o1 )
	ES	20.46 (small)	20.76 (moderate)	20.28 (small)	20.20 (trivial)	20.33 (small)
	HRpeak (b$min 21 )					
	Total	190 6 12	182 6 12 §	189 6 5	186 6 6	189 6 3
	1st half	190 6 12	182 6 12	189 6 6	186 6 7	189 6 4
	2nd half	188 6 12z	179 6 10z	185 6 9z	184 6 9	186 6 5z
	Diff (95% CI)	22( 24t o0 )	22( 25t o0 )	24( 27t o21)	22( 24t o0 )	23( 25t o23)
	ES	20.17 (trivial)	20.27 (small)	20.52 (small)	20.50 (small)	20.66 (moderate)

*HR = heart rate; Diff = mean difference; ES = effect size; HRmean = average heart rate; HRpeak = peak heart rate. †Data are presented as mean 6 SD, mean difference (95% CI), and effect size. zSignificantly different (p , 0.05) from first half. §Significantly different (p , 0.05) from full backs. kSignificantly different (p , 0.05) from half backs. ¶Significantly different (p , 0.05) from midfielders. #Significantly different (p , 0.05) from half forwards.

Table 1 . The sprint analysis for the total game, first and second halves are reported.

 1 Data are presented as mean ± SD, mean difference (95% CI) and effect size.

		Total	1 st Half	2 nd Half	Difference	Effect Size
					95% CI	
	Total Sprint Distance (m)	415 ± 140	216 ± 85	199 ± 83 �	-19 (-34 to -4)	-0.20
	Peak Speed (km�h -1 )	29.9 ± 1.5	29.2 ± 1.6	29.1 ± 1.9	-0.2 (1.0 to 0.1)	-0.06
	Number of Sprints (n)	22.2 ± 6.8	11.8 ± 4.2	10.4 ± 4.0 �	-1.4 (-2.1 to -0.7)	-0.34
	Number of Sprints < 20 m (n)	14.0 ± 4.7	7.5 ± 3.1	6.5 ± 2.9	-1.1 (-1.7 to -0.4)	-0.33
	Number of Sprints � 20 m (n)	8.1 ± 3.6	4.4 ± 2.1	3.9 ± 2.1 �	-0.5 (-0.9 to -0.1)	-0.24
	Mean Length of Sprint (m)	18.6 ± 3.1	18.1 ± 3.7	19.1 ± 4.2 �	0.9 (0.0 to 1.7)	0.25
	Number of Sprints < 80% (n)	10.6 ± 4.3	5.5 ± 2.7	5.1 ± 2.6	-0.4 (-1.0 to 0.1)	-0.15
	Number of Sprints 80-90% (n)	8.2 ± 3.6	4.5 ± 2.5	3.7 ± 2.1 �	-0.9 (-1.3 to -0.4)	-0.35
	Number of Sprints > 90% (n)	3.4 ± 2.4	1.8 ± 1.4	1.6 ± 1.6	-0.1 (-0.4 to 0.1)	-0.13
	Mean Sprint Duration (s)	3.0 ± 0.5	2.9 ± 0.5	3.1 ± 0.6 �	0.1 (0.02 to 0.26)	0.36
	Mean Duration between Sprints (s)	208 ± 86	199 ± 88	216 ± 116	16 (-3 to 35)	0.17
	Repeated-Sprint Bouts (n)	4.5 ± 2.6	2.5 ± 2.0	2.0 ± 1.5 �	-0.6 (-1.1 to -0.2)	-0.28
	CI = confidence interval.					

� Significantly different (p < 0.05) from first half https://doi.org/10.1371/journal.pone.0215156.t001

Table 2 . The total, first and second half sprint analysis per position are reported.

 2 Data are presented as mean ± SD, mean difference (95% CI) and effect size.

			Full Backs	Half Backs	Midfield	Half Forwards	Full Forwards
	Number of Sprints (n)	Total	20.5 ± 7.6	21.7 ± 6.7	23.7 ± 6.8	22.4 ± 7.3	23.2 ± 6.3
		1 st Half	10.3 ± 4.1	11.6 ± 4.3	12.8 ± 3.9	12.3 ± 4.4	12.3 ± 3.7
		2 nd Half	10.2 ± 4.6	10.2 ± 3.			

Mean (± SD) total sprint distance per position per half is presented.

  

							2)
		ES	-0.02	-0.35	-0.54	-0.52	-0.36
	Mean Length of Sprint	Total	17.1 ± 2.5	18.9 ± 2.9	19.4 ± 2.8	18.8 ± 2.9	19.1 ± 3.6
	(m)	1 st Half	16.6 ± 3.2	18.1 ± 3.2	19.5 ± 3.2	18.7 ± 4.6	18.3 ± 3.6
		2 nd Half	17.6 ± 4.3	19.8 ± 4.1	19.3 ± 3.5	18.9 ± 3.4	20.0 ± 5.0
		Diff (95% CI)	0.9 (-0.8 to 2.6)	1.7 (0.0 to 3.4)	-0.2 (-2.3 to 1.9)	0.1 (-1.7 to 1.9)	1.7 (0.0 to 3.5)
		ES	0.26	0.46	-0.06	0.05	0.39
	Number of Sprints	Total	13.6 ± 4.9	13.9 ± 4.7	14.5 ± 4.6	13.9 ± 4.7	14.1 ± 4.7
	< 20 m (n)	1 st Half	6.8 ± 2.8	7.8 ± 3.3	8.0 ± 2.9	7.6 ± 3.3	7.5 ± 3.0
		2 nd Half	6.8 ± 3.3	6.2 ± 2.8 �	6.5 ± 2.4	6.3 ± 2.8	6.6 ± 3.1
		Diff (95% CI)	-0.6 (-4.1 to 3.0)	-1.3 (-2.9 to -0.4)	-0.8 (-1.6 to 0.0)	-0.8 (-1.5 to -0.1)	-0.7 (-1.3 to 0.0)
		ES	0.00	-0.52	-0.56	-0.42	-0.30
	Number of Sprints	Total	6.6 ± 3.9	7.8 ± 3.1	8.8 ± 2.8	8.7 ± 4.1	8.9 ± 3.1
	� 20 m (n)	1 st Half 2 nd Half Fig 1.	3.8 ± 2.2 3.3 ± 2.3	3.8 ± 2.1 4.0 ± 2.0	4.8 ± 1.8 4.0 ± 1.9	5.0 ± 2.3 3.8 ± 2.5 �	4.9 ± 1.6 4.4 ± 1.9
		Diff (95% CI)	-0.4 (-1.3 to 0.4)	0.2 (-0.6 to 1.0)	-0.8 (-1.8 to 0.2)	-1.1 (-2.1 to -0.2)	-0.5 (-1.4 to 0.4)
		ES	-0.22	0.10	-0.43	-0.50	-0.28
	Mean Sprint Duration (s)	Total	2.8 ± 0.4	3.1 ± 0.4 a	3.2 ± 0.4 a	3.1 ± 0.4	3.1 ± 0.6 a
		1 st Half	2.7 ± 0.5	3.0 ± 0.5	3.2 ± 0.5	3.1 ± 0.7	2.9 ± 0.5
		2 nd Half	2.8 ± 0.6	3.2 ± 0.6 �	3.2 ± 0.6	3.1 ± 0.5	3.2 ± 0.8 �
		Diff (95% CI)	0.1 (-0.1 to 0.4)	0.3 (0.0 to 0.5)	0.0 (-0.3 to 0.3)	0.0 (-0.2 to 0.3)	0.3 (0.0 to 0.5)
		ES	0.20	0.36	0.00	0.00	0.45
	Mean Duration between Sprints (s)	Total	227 ± 100	214 ± 85	194 ± 56	221 ± 102	176 ± 60
		1 st Half	227 ± 105	197 ± 76	193 ± 74	197 ± 92	178 ± 81
		2 nd Half	226 ± 118	232 ± 128	195 ± 65	245 ± 150 �	174 ± 76
		Diff (95% CI)	-1 (-40 to 38)	36 (-3 to 74)	-2 (-47 to 50)	48 (6 to 89)	-4 (-44 to -36)
		ES	-0.01	0.33	-0.03	0.39	-0.05
	Diff = Mean difference, ES = Effect size.						
	� Significantly different (p < 0.05) from first half.					
	a Significantly different (p < 0.05) from full backs					
	https://doi.org/10.1371/journal.pone.0215156.t002					

https://doi.org/10.1371/journal.pone.0215156.g001

Table 3 . The total, first and second half peak speed and number of sprints at each speed intensity category per position are reported.

 3 Data are presented as mean ± SD, mean difference (95% CI) and effect size.

			Full Backs	Half Backs	Midfield	Half Forwards	Full Forwards
	Peak Speed (km�h -1 )	Total	29.6 ± 1.4	29.5 ± 1.1	30.3 ± 1.9	29.9 ± 1.4	30.4 ± 1.8
		1 st Half	29.2 ± 1.5	28.7 ± 1.5	29.7 ± 1.9	29.2 ± 1.5	29.5 ± 1.8
		2 nd Half	28.9 ± 1.8	28.8 ± 1.2	28.8 ± 2.5 �	29.1 ± 1.8	29.8 ± 2.1
		Diff (95% CI)	-0.3 (-0.9 to 0.3)	0.1 (-0.5 to 0.7)	-0.9 (-1.8 to -0.2)	-0.1 (-0.7 to 0.6)	0.2 (-0.4 to 0.9)
		ES	-0.18	0.07	-0.41	-0.06	0.15
	Number of Sprints	Total	8.9 ± 4.6	12.0 ± 4.2 a	11.9 ± 4.1	11.2 ± 4.1	9.4 ± 3.8
	< 80% (n)	1 st Half	5.5 ± 2.7	6.2 ± 3.1	5.9 ± 2.0	6.3 ± 2.7	4.9 ± 2.7
		2 nd Half	5.1 ± 2.6	5.8 ± 2.7	6.0 ± 2.8	4.9 ± 2.6 �	4.5 ± 2.0
		Diff (95% CI)	-0.1 (-1.2 to 1.0)	-0.4 (-1.5 to 0.7)	0.1 (-1.3 to 1.4)	-1.4 (-2.5 to -0.2)	-0.3 (-1.4 to 0.8)
		ES	-0.15	-0.14	0.04	-0.53	-0.17
	Number of Sprints	Total	7.7 ± 3.5	7.2 ± 3.6	8.9 ± 3.6	7.8 ± 3.6	9.7 ± 3.5
	80-90% (n)	1 st Half	3.9 ± 2.1	4.1 ± 2.8	5.2 ± 2.8	4.3 ± 2.5	5.5 ± 2.0
		2 nd Half	3.8 ± 2.4	3.3 ± 1.7	3.7 ± 1.5 �	3.5 ± 1.9	4.5 ± 2.3
		Diff (95% CI)	-0.2 (-1.2 to 0.8)	-0.8 (-1.8 to -0.2)	-1.6 (-2.8 to -0.3)	-0.7 (-1.9 to 0.3)	-0.9 (-2.0 to 0.1)
		ES	-0.04	-0.35	-0.67	-0.36	0.46
	Number of Sprints	Total	3.8 ± 3.1	2.6 ± 1.6	2.9 ± 2.2	3.5 ± 2.3	4.0 ± 2.1
	> 90% (n)	1 st Half	1.9 ± 1.8	1.5 ± 1.1	1.7 ± 1.3	1.7 ± 1.3	2.1 ± 1.2
		2 nd Half	2.0 ± 1.9	1.2 ± 1.1	1.2 ± 1.5	1.8 ± 1.7	1.9 ± 1.5
		Diff (95% CI)	0.1 (-0.5 to 0.7)	-0.3 (-0.9 to 0.3)	-0.4 (-1.2 to 0.3)	0.0 (-0.6 to 0.7)	-0.1 (-0.8 to 0.5)
		ES	0.05	-0.27	-0.36	0.07	-0.15
	Diff = Mean difference, ES = Effect size.					

� Significantly different (p < 0.05) from first half. a Significantly different (p < 0.05) from full backs https://doi.org/10.1371/journal.pone.0215156.t003

TABLE 1 .

 1 Comparisons between maximal relative total distance (m$min21 ) for rolling averages of different durations (mean 6 90 confidence intervals).* Data are presented as mean 90% CI, likelihood of effect, size and direction of effect [ or Y.
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		1	2345	6	7	8	9
	22 5 6 27				
		Likely				
		Large [				
	33 6 6 26	11 6 23			
		Very likely	Possibly			
		Large [	Moderate [			
	44 2 6 26	17 6 23	6 6 21		
		Very likely	Possibly	Possibly		
		Very large [ Moderate [	Small [		
	54 7 6 26	22 6 23	11 6 21	5 6 21	
		Very likely	Likely	Possibly	Possibly	
		Very large [	Large [	Moderate [	Small	
	65 0 6 25	25 6 23	14 6 20	8 6 20	3 6 20
		Most likely	Likely	Possibly	Possibly	Possibly
		Very large [	Large [	Moderate [	Small [	Small [
	75 2 6 25	27 6 23	16 6 20	10 6 20	5 6 20	2 6 20
		Most likely	Likely	Possibly	Possibly	Possibly	Unlikely
		Very large [	Large [	Moderate [ Moderate [	Small [	Trivial [
	85 4 6 25	29 6 23	18 6 20	12 6 20	7 6 20	4 6 20 2 6 20
		Most likely	Likely	Possibly	Possibly	Possibly	Possibly Unlikely
		Very large [	Large [	Large [	Moderate [	Small [	Small [ Trivial [
	95 6 6 25	31 6 23	20 6 20	14 6 20	9 6 20	6 6 20 4 6 20 2 6 20
		Most likely	Likely	Likely	Possibly	Possibly	Possibly Possibly Unlikely
		Very large [	Large [	Large [	Moderate [ Moderate [ Small [ Small [ Trivial [
	10	57 6 24	32 6 22	21 6 20	15 6 61 0 6 20	7 6 19 5 6 19 3 6 19 1 6 19
		Most likely	Very likely	Likely	Possibly	Possibly	Possibly Possibly Possibly Unlikely
		Very large [	Large [	Large [	Moderate [ Moderate [ Small [ Small [ Small [ Trivial [

*the

Statistical Analyses

TABLE 2 .

 2 Comparisons between maximal high-speed running distance (m . min 21 ) for rolling averages of different durations (mean 6 90 confidence intervals).* Data are presented as mean 90% CI, likelihood of effect, size and direction of effect [ or Y.

		1	2	3456	7	8	9
	21 5 6 16					
		Likely					
		Large [					
	32 2 6 15	7 6 11				
		Very likely	Possibly				
		Very large [ Moderate [				
	42 6 6 14	11 6 11	4 6 9			
		Very likely	Likely	Possibly			
		Very large [	Large [	Moderate [			
	52 8 6 14	13 6 11	6 6 92 6 8		
		Very likely	Likely	Possibly	Unlikely		
		Very large [	Large [	Moderate [	Small [		
	62 9 6 14	14 6 10	7 6 93 6 81 6 8	
		Most likely	Likely	Possibly	Possibly	Unlikely	
		Very large [	Large [	Moderate [	Small [	Trivial [	
	73 1 6 14	16 6 10	9 6 95 6 83 6 82 6 7
		Most likely	Likely	Possibly	Possibly	Possibly	Unlikely
		Very large [ Very large [	Large [	Moderate [	Small [	Small [
	83 1 6 14	16 6 10	9 6 95 6 83 6 82 6 70 6 7
		Most likely	Likely	Possibly	Possibly	Possibly	Unlikely	Unlikely
		Very large [ Very large [	Large [	Moderate [	Small [	Small [	Trivial [
	93 2 6 14	17 6 10	10 6 96 6 84 6 83 6 71 6 71 6 7
		Most likely	Very likely	Likely	Possibly	Possibly	Unlikely	Unlikely Unlikely
		Very large [ Very large [	Large [	Moderate [ Moderate [	Small [	Trivial [ Trivial [
	10	33 6 14	18 6 10	11 6 97 6 85 6 84 6 72 6 72 6 71 6 7
		Most likely	Very likely	Likely	Possibly	Possibly	Possibly	Unlikely Unlikely Unlikely
		Very large [ Very large [	Large [	Large [	Moderate [ Moderate [ Small [ Small [ Trivial [

*

TABLE 3 .

 3 Comparisons between maximal sprint distance (m $ min 21 ) for rolling averages of different durations (mean 6 90 confidence intervals).* Very

	123456	7	8	9
	21 6 6 13					
	Very likely					
	Large [					
	32 2 6 12	6 6 10				
	Most likely	Possibly				
	Very large [ Moderate [				
	42 5 6 11	9 6 93 6 8			
	Most likely	Likely	Possibly			
	Very large [	Large [	Small [			
	52 7 6 11	11 6 95 6 72 6 6		
	Most likely	Very likely	Likely	Possibly		
	Very large [	Large [	Moderate [	Small [		
	62 9 6 11	13 6 97 6 74 6 62 6 6	
	Most likely	Very likely	Likely	Possibly	Possibly	
	Very large [ Very large [	Large [	Moderate [ Small [	
	73 0 6 11	14 6 98 6 75 6 63 6 61 6 6
	Most likely	Very likely	Likely	Likely	Possibly	Possibly
	Very large [ Very large [	Large [	Moderate [ Moderate [ Small [
	83 0 6 10	14 6 98 6 75 6 63 6 51 6 50 6 5
	Most likely	Very likely	Likely	Likely	Possibly	Possibly Possibly
	Very large [ Very large [	Large [	Large [ Moderate [ Small [	Trivial [
	93 1 6 10	15 6 99 6 76 6 64 6 52 6 51 6 51 6 4
	Most likely Very Likely	Very likely	Likely	Possibly	Possibly Possibly Possibly
	Very large [ Very large [	Large [	Large [ Moderate [ Small [	Small [	Small [
	10 32 6 10	16 6 91 0 6 77 6 65 6 53 6 52 6 52 6 41 6 4
	Most likely Most likely	Very likely	Likely	Likely	Possibly Possibly Possibly Possibly
	Very large [					

large [ Very large [ Large [ Large [ Moderate [ Small [ Moderate [ Small [ *Data are presented as mean 90% CI, likelihood of effect, size and direction of effect [ or Y.

TABLE 4 .

 4 Maximum relative, high-speed running distance and sprint distances (m$min 21 ) of elite senior hurling players by position for each rolling average duration (6SD).

	Window length 6 minutes	Full-backs	Half-backs	Midfielders	Half-forwards	Full-forwards
	Relative distance (m$min 21 )					
	1 minute	174 6 16 195 6 21* 194 6 14*	167 6 15*	167 6 15 †z §
	2 minutes	152 6 16 168 6 13* 171 6 11*	166 6 16*	142 6 13* †z §
	3 minutes	141 6 14 157 6 11* 160 6 10*	152 6 11*	132 6 11* †z §
	4 minutes	135 6 14 150 6 9*	153 6 12*	146 6 10*	126 6 13* †z §
	5 minutes	131 6 13 146 6 8*	147 6 9*	143 6 10*	121 6 13* †z §
	6 minutes	129 6 11 143 6 8*	144 6 7*	138 6 10*	118 6 12* †z §
	7 minutes	126 6 12 141 6 8*	141 6 8*	136 6 8*	116 6 12* †z §
	8 minutes	125 6 11 140 6 9*	140 6 10*	135 6 10*	114 6 11* †z §
	9 minutes	123 6 10 137 6 9*	137 6 8*	133 6 9*	112 6 11* †z §
	10 minutes	121 6 10 135 6 8*	135 6 13*	132 6 8*	110 6 11* †z §
	High-speed running distance (m.min 21 )					
	1 minute	45 6 13	59 6 12	53 6 13	53 6 12*	46 6 11 †
	2 minutes	31 6 94 1 6 7*	37 6 13*	38 6 6*	31 6 8 †z
	3 minutes	24 6 73 3 6 5*	31 6 8*	29 6 4*	26 6 6 †z
	4 minutes	21 6 62 9 6 6*	28 6 6*	25 6 4* †	22 6 6 †z §
	5 minutes	20 6 52 7 6 6*	25 6 5*	24 6 3*	20 6 5 †z §
	6 minutes	18 6 52 5 6 5*	23 6 5*	23 6 3* †	19 6 4 †z §
	7 minutes	17 6 52 4 6 4*	22 6 4*	21 6 3* †	18 6 4 †z §
	8 minutes	17 6 52 4 6 4*	21 6 4*	21 6 3* †	17 6 4 †z §
	9 minutes	16 6 52 3 6 4*	20 6 4*	20 6 3* †	16 6 4 †z §
	10 minutes	15 6 42 2 6 4*	19 6 3* †	19 6 3* †	16 6 4 †z §
	Sprint distance (m . min 21 )					
	1 minute	41 6 94 1 6 10	43 6 12	45 6 93 9 6 12
	2 minutes	24 6 52 5 6 82 5 6 72 5 6 11	25 6 9
	3 minutes	18 6 52 0 6 62 0 6 52 3 6 8*	19 6 6
	4 minutes	15 6 41 6 6 51 6 6 51 9 6 5*	16 6 5
	5 minutes	13 6 31 5 6 51 4 6 41 7 6 4*	15 6 4
	6 minutes	12 6 31 3 6 51 4 6 41 5 6 4*	13 6 3
	7 minutes	11 6 31 2 6 41 2 6 31 4 6 4*	12 6 4
	8 minutes	11 6 31 1 6 41 2 6 31 3 6 4*	11 6 3 §
	9 minutes	10 6 31 1 6 31 1 6 31 2 6 3* †	11 6 3
	10 minutes	9 6 31 0 6 31 0 6 21 2 6 3* †z	10 6 3

*Significantly different from = full-backs. †Significantly different from = half-backs. zSignificantly different from = midfielders.

§Significantly different from = half-forwards.

  Maximal Running Intensities of Elite Hurling Match-Play impact the players' running performance. Finally, because only the maximal distance in each rolling average was analyzed in the current study, adding the number of runs completed would allow coaches to design specific activities to replicate these "worst-case scenarios" in training. Therefore, future research should investigate whether small-sided games or linear drills best replicate these maximal running periods of competition.
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  During these BOP cycles, players may be standing or walking while waiting for the game to restart. These cycles can last over a minute, as observed in the Free Attempted stoppage type (Study I). In addition, as the ball can travel large distances (≈ 100 m) from one end of the field to the other, players in the area where the ball has just left, usually decrease their activity whereas, players become active in the end where the ball is arriving. For example, the coach could implement a minimum stoppage time (e.g. 30 s) when the ball goes out of play. During this BOP time, the players get an opportunity to decelerate to low speed movement. In contrast, when the game is restarted, players will accelerate to higher speeds to gain possession of the ball before their opponents. The low percentage of TD covered in the HSR and sprint distance speed-zones found here (Study II-VII) is similar to other team invasion sports (Gabbett, 2012b; Andrzejewski et al., 2013, 2015; Cahill et al., 2013; Woods, Sinclair and Robertson, 2017). However, the large variety of speed-zone definitions used both within and across sports make it difficult to compare between studies (Dwyer and Gabbett, 2012; Cummins et al., 2013). The previous hurling study that investigated the work-rate in senior hurling matches found a similar distance covered in the top two speed-zones (zone 4: 815 ± 274 m, zone 5: 319 ± 129 m) (Collins et al., 2018) compared to the current elite senior hurling data (Study V-VII). A greater HSR (Study If they occur in the second half, they are likely to be more demanding, given the distances that players would have accumulated before this maximal intensity period. Gabbett and Aughey, 2014). However, it must be noted that a lower sprint threshold was used in hurling (≥ 22 km•h -1 ). The number of sprints at elite senior level seem to be spread out across the game as the number of repeated-sprint bouts rarely occur in hurling like previously found in soccer (Buchheit, Mendez-Villanueva, B. M. Simpson, et al., 2010; Suarez-Arrones et al., 2015) and Rugby League (Gabbett, 2012b; Varley, Gabbett and Aughey, 2014

	It has been proposed that a focus only on total sprint distance does not provide sufficient
	information about the physical demands in team sport due to the intermittent nature of match-
	play (Schimpchen et al., 2016). The present findings for senior (Study V and VI), U21 (Study
	IV) and U17 (Study III) compare favorably to the number of sprints performed in soccer (≥ 24
	km•h -1 ) (17 ± 4) (Schimpchen et al., 2016) and in Australian football (≥ 24 km•h -1 ) (22 ± 9)
	(Varley,
	In elite senior hurling, the HSR and sprint distance maximal relative intensities were
	shown to reach 51 ± 13 m•min -1 and 42 ± 10 m•min -1 , respectively, during a 1-min period
	(Study VII). It is difficult to differentiate if these maximal intensities occurred during BIP or
	BOP. However, given the majority of BIP and BOP periods last less than 30 s, these maximal This may explain the large distance covered walking and the similar gradient pattern observed intensities may have been performed in 30 s and not in 60 s, which could suggest even higher at each level (elite senior, U21 and U17 and sub-elite senior) (Study II-V). The game of hurling is a start-stop-start game, which should be reflected in training. The activities that the players running demands at senior level. Even though this worst-case scenario would have only

Cullen et al., 2017)

, soccer (Mendez-Villanueva et al., 2013; Goto, Morris and Nevill, 2015), and Rugby Union

[START_REF] Cunniffe | An Evaluation of the physiological demands of elite rugby union using global positioning system tracking software[END_REF]

. As the ball is continuously in-and out-of-play in hurling, the game is starting and stopping. When the game stops, players may be responding to this stoppage by changing speed (Study I). perform should ensure that they are changing speeds, especially changing to and from low speed movements (walking, jogging) as these accumulate in the highest distance covered in hurling.

V, VII) and sprint distance (Study V, VI, VII) were covered during senior matches compared to U21 (Study IV) and U17 (Study III). This is almost certainly due to the additional 11 min match duration in elite senior hurling games (Study I). Even though the total HSR and sprint distance vary between levels, hurlers (elite senior, U21 and U17 and sub-elite senior) are required to cover distances at high-speed (Study II-VII). To facilitate the accumulation of highspeed distances (HSR and sprint distance), the size of the playing area, must be large enough to allow players accelerate to these high-speeds. For example, recent research in sub-elite hurling has shown that players covered ≈ 18 m•min -1 and 11 m•min -1 HSR and sprint distance, respectively, in an 80 x 20 m small-sided game

[START_REF] Mangan | An investigation into the physical , physiological and technical demands of small sided games using varying pitch dimensions in Gaelic football[END_REF]

. occurred once in a game, players need to be conditioned to undertake these demands. The current study did not identify when these worst-case maximal intensities occurred during a game.

Table 11 .4. The between-half difference in total running and HR values per position are presented for elite hurlers (Study III-VI). Data are presented as mean difference (95% CI) between halves.

 11 

	Level	Metric	Full-Backs	Half-Backs	Midfielders	Half-Forwards	Full-Forwards
	Elite Senior (Study V)						
		Total Distance (m)					

Table 12 .1. The running and HR metrics that are now available in the literature for elite hurling

 12 = Elite hurling data available in the literature pre thesis Δ = Elite hurling data available in the literature post-thesis

	Metrics

*

: m•min -1 ), mean speed (m•min -1 ), % time at high-speed.Other: Positions, technical skills

: m). Other: Average metabolic power (W•kg -1 ), total energy

), and sprint distance (m•min -1 ; >

km•h -1 ) were recorded. To assist in the development of velocity-based movement indicators, rolling moving averages were calculated across ten different durations (1-, 2-, 3-, 4-, 5-, 6-, 7-, 8-, 9-, and 10-min) for each player across each match, with the maximum value for each specific duration recorded.

I II X X X X X X X III X X X X X X X IV X X X X X X X V X X X X X X X VI X X X
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Chapter 11 -Discussion

In this chapter, an overall discussion, which incorporates the key findings from each study and how they relate to the overall aim of the thesis, is outlined. This chapter is subdivided into similar topics, as presented in the Literature Review. The sub-sections are used to describe the full match, positional differences and temporal decrements.

Chapter 12 -Conclusions and Recommendations for Future Research

This chapter summaries' the key findings from the thesis. Several practical implications based on the findings from this research are presented. Additionally, recommendations for future research within hurling and the limitations of the current research are suggested.

Chapter 3 -Methods
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The athletes provided their written informed consent. An analysis of the match-play demands of U17 hurling found that there are differences between positions and temporal decrements occur in the second half compared to the first. In hurling, it is rarely seen that a 17-or 18-year-old will be selected for a senior elite team.
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Therefore, the U21 age grade is a vital stepping-stone that is used to progress players into the senior squad. There are no data available to describe the match-play demands of U21 hurling.

Coaches of these teams may be under preparing them for the demands of competition. In addition, the data could be used to help players progress from U17 to be able to compete at the U21 level.

Therefore, the current study aimed to examine the physical and physiological demands of elite U21 male hurling match-play across halves of play and between positions 
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Currently, the match-play demands for senior hurlers are presented across the full game, per half (Study V) and per quarter (Collins et al., 2018). This information is necessary to provide a profile of the game and describe how performance changes as the match progress.

However, quantifying the match-play demands relative to match duration has been shown to underestimate the most intense periods during team invasion sports [START_REF] Delaney | Peak running intensity of international rugby: Implications for training prescription[END_REF][START_REF] Malone | Duration specific Running performance in Elite Gaelic Football[END_REF]. Data presented per predefined periods provide an understanding as to the temporal change in running characteristics. Consequently, these global relative running distances reported to-date in hurling may fail to account for the most intense periods of play or "worst-case scenario" period that occurs during match-play. Further analysis of the match-play demands is required to identify the most intensive periods during matches.

Therefore, the current study aimed to describe the duration-specific running intensities of elite hurling players during competition with respect to position using a rolling average method. compared to data expressed per half and full game.

 There were differences (ES = 0.66 -4.33) between 1 min rolling averages and all other durations for TD, HSR and sprint distance.

 Pairwise comparisons between 6 -10 min for TD, HSR and sprint distance were smaller and more variable (ES = 0.07 to ES = 0.85).

 Half-backs, midfielders and half-forwards achieved a higher maximal relative TD and HSR in all duration-specific fields when compared to full-backs and full-forwards.

 No positional difference was observed in 1 and 2 min durations for sprint distance.

 As the rolling average duration increased the maximum TD, HSR and sprint distance running intensities decreased across all positions.

Practical Applications

Chapter 11 -Discussion 

Positions

Typically, players in team sports are often selected based on their abilities to complete the required technical and tactical roles of the given position [START_REF] Lindsay | Positional demands of professional rugby[END_REF]. Previous Full-forwards covered the least TD and average speed compared to all positions at senior level (Study V) and to half-backs, midfielders and half-forwards at U17 level (Study III). However, the only difference in TD and average speed was observed between full-forwards and midfielders at U21 level (Study IV). Half-backs, midfielders and half-forwards covered greater HSR than full-backs and full-forwards at U17 (Study III) and senior (Study V) levels. However, the only difference in HSR between positions at U21 level was observed between half-forwards and full-backs (Study IV). The role of the full-backs and full-forwards at U21 level may be different given that games are played on a knockout basis. Full-forwards may come further out the field in search of possession to create space, to create scores or to score themselves. The teams' style of play and team tactics may explain why U21s display different between-position patterns compared to senior and U17. Research in Australian football (Coutts et al., 2010), Rugby League [START_REF] Sirotic | A comparison of match demands between elite and semi-elite rugby league competition[END_REF] and soccer [START_REF] Bradley | High-intensity running in English FA Premier League soccer matches[END_REF] showed that high-intensity exercise during the first half or quarter affects subsequent running characteristics in the next half or quarter of match-play.

In soccer, it has been suggested that the between-half temporal decrement is related to the transient fatigue experienced throughout the game (Mohr, Krustrup and Bangsbo, 2003). This is supported by the greater running characteristics per minute by substitutes in soccer compared to those players who played the full duration of matches (Mohr, Krustrup and Bangsbo, 2003).

In the current studies (Study II-V), fatigue could be a possible factor to explain the drop-off between halves at all levels (elite senior, U21 and U17 and sub-elite seniors  There are differences in the running demands between elite and sub-elite levels. It is unknown if the elite players reduce their performance to the level of the competition or are sub-elite players covering even lower running at the sub-elite level. Future research could compare the differences between elite and sub-elite players' performances during sub-elite competition.

 Maximal intensities are greater compared to those presented over the full game.

However, it is not known when these worst-case scenarios occur. Future studies should identify the time of the match that these maximal intensity periods occur and investigate if the TD, HSR and sprint distance are located close together.

 The number of sprints at the elite senior level seem to be spread out across the game as the number of repeated-sprint bouts rarely occur and occur in both halves in hurling.

Future research could identify a timeline of when sprints occur during a game. This may identify the most intense periods of the game.

 Only the mean total sprint distance, number and length of sprints are available in U21 and U17 hurling, further analysis of the sprint demands such as the number of sprints < 20 m and > 20 m, intensity of sprints < 80%, 80 -90% and < 90% and the number of repeated-sprint bouts similar to elite senior needs to be undertaken.

 Elite senior hurlers outperform U21s and U17s in TD, average speed, HSR and sprint distance. Similar number of sprints and length of sprint occur at each level. Currently, the number of accelerations and decelerations are only reported for senior hurlers.

Further studies should investigate the number of accelerations and decelerations in U21 and U17 matches. help in the design of appropriate training programmes to help maximise the players' matchplay performances.