Examining the Physical Demands of Elite

Rugby League Match-Play

Simon David Evans

A thesis submitted in partial fulfilment of the tegements of
Liverpool John Moores University for the degreebaictor of

Philosophy

This research programme was carried out in colktbmr with

Widnes Vikings Rugby League Football Club

January 2018



Table of Contents
Contents
Abstract

Acknowledgements
Published Work
List of Figures
List of Tables

List of Abbreviations

Chapter 1- General Introduction
1.1 Background

1.2 Aims and Objectives

Chapter 2 — Literature Review
2.1 Overview of Rugby League
2.2 Methods of Quantifying Match Demands
2.2.1 Notational Analysis
2.2.2 GPS Technology
2.2.2.1 History and Development
2.2.2.2 Validity
2.2.2.3 Reliability

2.2.2.4 Use of GPS in Detecting Collisions inliSmin Sports

viii

Xi

Xii

Xiii

Xiii

XVi

10

10

11

13

13

20

23

25



2.3 Quantifying the Physical Demands of Rugby Leaglatch-Play 31

2.3.1 Introduction 31
2.3.2 Total Distance 34
2.3.3 High-Speed Running 36
2.3.4 Sprinting 37
2.3.5 Collisions 38
2.3.6 Physiological Response to Match-Play 39
2.3.7 A New Energetic Approach 41
2.4 Fatigue Following Match-Play Demands 42
2.5 Summary 44
Chapter 3 — General Methods 45
3.1 Ethical Approval and Location of Testing 46
3.2 Assessing Player Movement Patterns 46
3.3 Assessing Player Collisions 48
3.4 Determination of Positional Groups 50
3.5 Determination of Time on Pitch 51

Chapter 4 — The competitive physical demands for Bbw ranked newly

promoted ESL team with regards to differences in psition 52
4.1 Introduction 53
4.2 Methods 54

4.2.1 Participants 54



4.2.2 Procedures 55

4.2.3 Variables 56
4.2.4 Statistical Analysis 59
4.3 Results 59
4.3.1 Movement Demands 60
4.3.2 Collision Demands 61
4.3.3 Physiological Demands 62
4.3.4 Additional Opta Data 62
4.3.5 Comparison of Selected Variables acrosdi&tu 63
4.4 Discussion 68

Chapter 5 - Differences between two GPS devices fase in team sports

In measuring selected movement demand parameters 74
5.1 Introduction 75
5.2 Methods 77
5.2.1 Participants 77
5.2.2Procedures 77
5.2.3 Variables 77
5.2.4 Statistical Analysis 78
5.3 Results 80
5.4 Discussion 83



Chapter 6 — The evolution in competitive physical @mands for a newly

promoted ESL team over a three season period 86
6.1 Introduction 87
6.2 Methods 88
6.2.1 Participants 88
6.2.2 Procedures 89
6.3.3 Variables 90
6.3.4 Statistical Analysis 91
6.3 Results 91
6.4 Discussion 96

Chapter 7 — The ability of a GPS device for use iteam sports to

automatically detect collisions during Rugby Leaguenatch-play 100
7.1 Introduction 101
7.2 Methods 104
7.2.1 Participants 104
7.2.2 Procedures 104
7.2.3 Statistical Analysis 106
7.3 Results 107
7.4 Discussion 109



Chapter 8 — Between match recovery duration and thempact on

running performance in European Super League playes 114
8.1 Introduction 115
8.2 Methods 117
8.2.1 Participant and Procedures 117
8.2.2 Statistical Analysis 118
8.3 Results 119
8.3.1 Differences in movement demands 119

8.3.2 Differences in movement demands in matchesawd lost and won and lost with

different between match recovery cycles 120
8.4 Discussion 123
Chapter 9 — Synthesis of Findings 128
9.1 General Discussion 129
9.1.1 Knowledge on the analysis of physical demasdgy GPS 129
9.1.2 ESL movement demands 131
9.1.3 Collisions and their relevance 135
9.2 Achievement of aims and objectives 137
9.3 Limitations of the thesis 140
9.4 Practical Implications 143
9.5 Recommendations for future research 144
9.6 Conclusion 147

Vi



Chapter 10 — References 148

vii



Abstract

The work undertaken from the studies in this thpsiwides novel information in relation
to the physical match demands of the European Sigaggue (ESL) competition, focusing
on a newly promoted ESL franchise. Specificallys ik the first work to examine the
physical demands of competition for an entire squfgalayers across an entire
competitive season in the ESL, the first to exantimephysical demands of match-play
over multiple longitudinal seasons, and the fiosexamine the effects of different between
match recovery periods on the running demands farge sample of ESL teams.
Methodological work in this thesis has also highteg the importance of quantifying and
interpreting errors associated with GPS devicepientify player movements and

collisions.

Chapter 4 examined the physical match demandséonéwly promoted team over the
entirety of a competitive season. Significant posdl differences were evident, with
Outside Backs (OB, 421 + 89 m) and Pivots (PIV, 3A®8 m) performing more sprinting
than Middle Unit Forwards (MUF, 185 + 58 m) and Widunning Forwards (296 + 82
m). Conversely, MUF (35 + 6) and WRF (36 = 5) perfed more collisions than PIV (23
+ 3) and OB (20 + 3). Practitioners need to be awéathese differences when designing
training and conditioning programmes for playeise high speed running (HSR) and
number of collisions were greater for the newlymobed team than previously reported
for higher ranked ESL teams, but are still lowenthhose experienced in the southern

hemisphere National Rugby League (NRL).

Chapter 5 examined the level of agreement betweerdifferent models of GPS device in
measuring the total distance, and distance cowarbigh speed (> 5.0 misin order that

these could be examined in following chapters winecedifferent models of device were
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used. The two devices showed acceptable levelgreement in relation to specific
analytical goals using positional data from Chagtéotal distance CV 0.8%, HSR CV
2.2%) and in relation to the differences betweemgmwon and lost at the elite level
(mean bias [95% LoA] -0.29 m.mifr{-1.6 m to 1.01 m.mif{ for total distance per
minute, and 0.01 m.mih[-0.27 to 0.29 m.mif] for HSR distance per minute) concluding

the two devices could be used interchangeably tasore these parameters.

Chapter 6 examined the physical demands of maghfplt the newly promoted
franchise over a three season period (2012-20IH¢re was an increase in the
physical demands of competition in terms of thaltdistance coverer per minute
(87.0 + 2.4 m.miff — 96.6 + 2.4 m.min), HSR distance covered per minute (6.3 +
1.3 m.min* — 8.1 + 0.5 m.mif), and number of collisions per minute (0.43 + 0.05
no.min* — 0.53 + 0.04 m.mif). These findings highlight that newly promotednisa
need time to develop and adapt to the increasintadds of competition, which is a
pertinent issue given the re-introduction of proimo@and relegation from 2015.
With the current structure, newly promoted teamsmwat have the chance to plan
and develop over the long term, which could leadgams spending over their
means to attract the players required to keep thehe competition rather than

focussing on long term player development.

Chapter 7 examined the effectiveness of a weafaBl® device to automatically detect
collision events during elite Rugby League matdayplThe overall error of the device
(19%) was associated with not correctly identifyangollision has occurred. Ball carries
(97%) were more accurately detected than when coedpa tackles (73%). First man
tackles (83%) were more accurately detected theonskeman tackles (72%), and third
man tackles (51%). This data suggests the micsosalevice has the ability to

automatically detect the majority of collision et®m Rugby League match-play.



However given the collision detection algorithm veaigjinally developed for use in Rugby
Union; this may need refinement for use in Rugbgdiee, especially for detecting tackle

events.

Chapter 8 examined the effect of different betwetch recovery cycles (short, medium,
and long) on the movement demands in subsequenhesabn a larger sample of six elite
ESL teams. Matches after a short turnaround weseceted with greater HSR distance
covered per minute of play (13.2 + 6.9 m.iithan when compared to medium (11.6 +
5.8 m.min') and long turnarounds (10.6 + 5.6 m.MinMatches with long turnarounds
were associated with increased low speed distan8e3(m.s) covered per minute of play
(84.8 + 18.2 m.mit) than both medium (79.3 + 19.6 m.fMjrand short turnarounds (80.3
+ 17.7 m.mift). The total distance covered per minute was orggigr on a long
turnaround (96.1 + 16.9 m.mthwhen compared to a medium turnaround (72.9 + 21.8
m.min?). These data demonstrate that running performisneféected by the length of the
between match recovery cycle, and coaches andtaonidg staff working within the ESL
should be mindful of these demands when develogogvery and training strategies for

their players.
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Chapter 1

General Introduction

In this Chapter the reader is presented with adracikd of Rugby League, an
introduction to the development of scientific rasbavithin the game, and why there is
the need for such research in this thesis to bertaicen. Based upon this, the objectives

and aims of the research will be outlined.



1.1Background

Rugby League is a high speed collision sport, mldyetwo teams consisting of 13 players
over two halves of 40 minutes with a 10 minuterimission (Gabbett, 2005b). The
physical demands of the game are characteriseceuént bouts of high intensity

exercise (running, sprinting, collision and wresitgerspersed by more prolonged bouts of
low intensity exercise (standing, walking, and jiogg (Gabbett, King, & Jenkins, 2008).
The sport originated in the North of England in 88®d is played at junior and senior
levels as a high participation sport in Australew Zealand, England, and the Pacific
Islands (Hausler, Halaki, & Orr, 2015), with Rugbsague being the national sport of

Papua New Guinea.

At the elite level two major competitions existymely the National Rugby League (NRL)
which is the highest standard of competition in thaisa and New Zealand, and the
European Super League (ESL) which is its countéerpd&urope. The NRL is widely
claimed to be a better standard of competition tharESL (Eaves & Broad, 2007,
Gabbett, 2013b; Twist et al., 2014). The NRL clals® field a team of players under 20
years of age in the sub-elite National Youth Contipet (NYC). Similarly, the New South
Wales Cup (NSWC) and Queensland Cup (QC) form $itdy-epen-age competitions.
Together the NYC, NWSC, and QC, provide player walys to NRL selection (Hausler et
al., 2015). The ESL competition has recently reeithticed promotion and relegation for
the 2015 season after operating on a franchisemyftr the previous six seasons (2009-
2014). This has enabled clubs from the secondbfi&uropean competition (The
Championship; many of whom operate on a part-tiagd) to have the chance to gain
promotion and compete in Europe’s top flight of Bud.eague competition. Since 2015,
following the regular season games in the ESL heddhampionship, the 24 teams from

both competitions are split into three groups gheibased on their league position finish.
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After 23 games of the regular ESL season, the igiit e2ams split into the ‘Super 8’
group, playing seven more games each as they cerfoed place in the ESL grand final.
The bottom four ESL teams join the top four tearosfthe Championship into the
‘Middle 8’ group. These teams also play seven ngamaes for a place in next year's ESL
competition, with the bottom 8 teams in the Chamgiop competing in the Championship

Shield.

Since 2008, there have been a number of advancenngpiayer movement tracking
systems, in particular global positioning syste@B§). Generally, studies have concluded
that GPS devices have an acceptable level of akbahd reliability for assessing
movement patterns in team sports, including Rugbgdue (Sykes, Nicholas, Lamb, &
Twist, 2013; Waldron, Highton, & Twist, 2013). Vaity has been defined as the ability of
the measurement tool to reflect what it is desigwesieasure (Atkinson & Nevill, 1998).
Reliability has been defined as the consistenapedisurements, or the absence of
measurement error (Atkinson & Nevill, 1998). GPSides are now commonly used
amongst NRL and ESL clubs and have helped to peavidre detailed information
regarding the physical demands of the game (John&abbett, & Jenkins, 2014). Post
2013, this has led to a significant increase (25bPthe research describing activity
profiles of competitive Rugby League performanoat the elite level to junior
competitions (Hausler et al., 2015). At the eléedl, the vast majority of this research has
been conducted within the NRL competition and tfogeeour understanding of the ESL

competition is far behind what we know about thelNR

The only published data examining the competitigsical demands of the ESL using
GPS is limited by a small sample size of playexs gemes (Waldron, Twist, Highton,
Worsfold, & Daniels, 2011), and limited to successéams competing at the top of the

competition (Twist et al., 2014; Waldron, Twist,akt 2011). Currently, there are no data
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examining the match demands for lower ranked odypvomoted teams. Given that
lower ranked NRL teams have been shown to expexigreater physical match demands
than their higher ranked counterparts (Gabbett3B))lestablishing such information for
ESL teams is a pertinent issue given the re-incbda of promotion and relegation. It
maybe that newly promoted clubs (who may have Ipagntime in the league below) may
have to withstand greater physical rigours tharréisé of the competition, although to date
this suggestion has not been investigated. Eskabjssuch information could help inform
the conditioning practices for those working witgly promoted or lower ranked teams

in the future.

What is also evident from the literature is thatchmof the research has adopted a
reductionist approach, which in this case refeqshigsical match performance indicators
being examined over short time periods, i.e. ov@ngle, or a limited number of games.
Examining physical trends longitudinally would @mdunderstanding the development of
match-play, providing useful information for coastend conditioning staff alike in order
to best prepare their players for the changing aeismaf the game. Currently, there are no
published data on the physical demands of the B8L @longer period than a single
season. Anecdotally, there is a widely held behef the speed and physical intensity of
the game is increasing season on season, butareer® published data to support such a
notion. There is evidence in soccer within the EigPremier League that the physical
demands of the game have increased substantialyaoseven season period from 2006 to
2013 (Barnes, Archer, Hogg, Bush, & Bradley, 2(Bdsh, Barnes, Archer, Hogg, &
Bradley, 2015) which the authors attributed todbeelopment of players’ physical
performance capabilities, and concluded that caaahd sport scientists should be

mindful of these increasing demands when develoaiging and conditioning practices.



In addition to the movement demands, the game gbRilLeague also requires players to
engage in frequent physically demanding collisi(@abbett, Jenkins, & Abernethy,
2011). As a result of the multiple physical cotiss during the game, musculoskeletal
injuries are extremely common (Gabbett et al., 20dbwever, success in the game also
depends on tackling ability, the ability to withstiaphysical collisions, and the ability to
“win” the tackle contest (Gabbett, 2013c). Consadlyetackling is one of the most
practiced skills in Rugby League as the abilitynability to effectively perform tackles
may prove critical to the outcome of the game. Nmmg the number of collisions that
players perform in competition and training givegreater understanding of the physical
demands imposed and has implications for injurly (@abbett & Ryan, 2009; Gabbett,
Jenkins, & Abernethy, 2010), muscle damage (Mckellavell, & Gass, 2011a), recovery
(Oxendale, Twist, Daniels, & Highton, 2016), arairiing load prescription (Gabbett et
al., 2010; Gabbett et al., 2011; Gabbett, Jenkimsbernethy, 2012)Traditionally, the
number of collisions during match-play have beamtdied retrospectively using video
replays (King, Jenkins, & Gabbett, 2009; Sirotiou@s, Knowles, & Catterick, 2009;
Sykes, Twist, Nicholas, & Lamb, 2011). However thanual coding of collisions from
video footage is labour intensive, taking consibdkraime to analyse such data. Recent
advancements in GPS technology for player movemnacking has seen the introduction
of accelerometers, gyroscopes and magnetometesethowithin the devices making it
possible to measure accelerations associated pottiisg movements, including physical
collisions in contact sports (Gabbett et al., 20&astin, McLean, Spittle, & Breed, 2013;
Kelly, Coughlan, Green, & Caulfield, 2012). Thu®&devices for use in team sports
could potentially provide a less labour intensivetinod to investigate the collision
demands of the sport than retrospective video armlgurrently only two models of GPS

device for use in team sports (Catapult MinimaxX4tapult Optimeye S5) have been



validated to automatically detect collision eveautsl their associated intensity in Rugby
League (Gabbett et al., 2010; Hulin, Gabbett, Joms Jenkins, 2017). As such, most of
the Rugby League research using GPS has overldbkeambllision element of the game.
Early work examining the collision demands in ti#&l Bvas published in 2001 using
retrospective video footage (Gissane, Jenningsides, White, & Kerr, 2001; Gissane,
White, Kerr, & Jennings, 2001). However, with themerous rule changes and
improvements in professionalism within the gameeitnen (Gabbett et al., 2008), this
research is clearly outdated. Further work in tBé& Bas also examined the number of
collisions players perform in game quarters usisgrai-automated camera system (Sykes
et al., 2011), and has used the manual codingdeoviootage to examine the relationship
between the number of collisions performed and-gaste fatigue responses (Twist,
Waldron, Highton, Burt, & Daniels, 2012). More ratg, GPS was used to identify the
relationship between the number of collisions pened by ESL players and indirect
markers of muscle damage (Oxendale et al., 2016mifation of the aforementioned
studies is that they are limited to a limited numiiiegames analysed. With the rapid
advancements in GPS technology, new devices ateaafty being developed and
produced for use in team sports that claim to lbe @bautomatically detect collisions and
their associated load. However, manufacturer claieesl to be scientifically validated

before they can be considered fit for purpose (@tbB013c).

Teams who gain promotion to the ESL from the Chamghip face the additional
challenge at the higher competitive standard ofrgpprith different recovery periods
between games. In the Championship, regular segesoes are always played at
weekends as some teams operate on a part-timevatsiglayers from these clubs
working full-time jobs during the week. Thus, thertaround between games tends to

remain consistent at 6 or 7 days. Fixture turnadsun the ESL can vary from between 5



to 10 days with the subsequent effects on matdioqmeance unknown. The live television
coverage of ESL games can also complicate theréx@ahedule further. Conflicting
findings in the NRL have shown high-intensity rumpoutputs not to differ between short
(5-6 days), medium (7-8 days) and long (9-10 dags\veen game recovery periods
(Murray, Gabbett, & Chamari, 2014), but also teslgmificantly lower after a short
recovery cycle (Kempton & Coutts, 2016). Many cacbf ESL teams have used the
British press to criticise periods of fixture cosgen such as the traditional ESL Easter
weekend (Clubcall.com, 2014; Express, 2017; SkySpa016). It has been reported that
for a single ESL team over a period of fixture cestgon (four games in 22 days with
between match periods of 6, 2, and 5 days) thaictexhs in high-intensity running 6.5
m.s?) and increases in low speed activity (< 5.4 Hhweere evident in the later matches,
indicative of an overall slowing of movement sp€édist, Highton, Daniels, Mill, &
Close, 2017). With these studies being limitedinglse teams, further research is needed in
order to generalise the findings. Obtaining surdbrmation on multiple ESL teams may

help them in their preparation for coping with difhg recovery cycles between games.

1.2 Aims and Objectives

Based upon the aforementioned background, the bagraof this thesis is to examine
and further increase our understanding of the glaysnatch demands of elite Rugby
League match-play in the ESL focusing on a newbmmted franchise. This aim will be

accomplished by the following objectives:

1. To profile the physical demands of ESL match-plagrdhe course of an entire

season within specific positional groups for a nepriomoted team.



2. To establish if any differences exist between twwwent commercially available
GPS devices to measure movement demands in orttdh#y can be assessed
interchangeably with the two different models o¥ide. (Throughout the course
of this PhD research, two different models of GR®ick are to be used as the
thesis progresses).

3. To examine if there is an evolution in competitpleysical demands over a three
season period for the newly promoted team witheiased exposure to training and
ESL competition.

4. To establish if the most recently developed mod&®S device to be used in this
thesis can automatically detect collision eventsnduRugby League match-play
against those coded from video footage.

5. To examine the differences in match movement intgasross different recovery

periods between games for multiple ESL teams.



Chapter 2

Literature Review

In this Chapter the reader is presented with déurtinderstanding of Rugby League,

mainly concerning the positions on the field. Thetimods of quantifying the physical
demands of competition are then examined includidgo time-motion analysis, GPS,
and heart rate. Lastly, a succinct overview ofliieeature to date that has examined the

physical demands of Rugby League match-play isepitesl.



2.1 Overview of Rugby League

Teams consist of 13 players that may be classifiedtwo major playing groups, namely
the forwards and backs. Positions can also beifitasaccording to the specific individual
position played (i.e. prop, hooker, second rowséftorward, scrum-half, stand-off, centre,
wing, and full-back). There have also been attertgpssib-categorise positions further
reflecting similar positional roles (hit-up forwar¢HUF], wide-running forwards [WRF],
pivots [PIV], and outside backs [OB]) (Gabbett ket 2012). However, such categories do

not have universal definitions and may differ bedawéeams employing different tactics.

Typically (but not always) junior and amateur Rudl®ague matches are played under an
unlimited interchange rule (Gabbett, 2005b). InHL and ESL competitions, teams are
permitted to pick 17 players for a game (with fberng on the interchange bench at any

time) and are allowed a maximum of 10 interchartygsg a game.

2.2 Methods of Quantifying Match Demands

To develop sports specific training and conditignomogrammes, an accurate and
comprehensive understanding is required of theipalydemands placed on the players
(Hughes & Franks, 2008). Given the recent focugame specific and individualised
conditioning for Rugby League players (Gabbettl.e2808), specifying the content of
training periods based upon the information samfyl@a competition offers an
appropriate approach to match preparatdethods that have been used to assess the

demands of competition will now be examined.
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2.2.1 Notational Analysis

Notational analysis is an inexpensive way of prowgdnsight into the physical, technical
and tactical demands of teams. This involves thgestive quantification of movement
patterns or technical actions for individual plas/gom video recordings (King et al.,
2009). The validity and reliability of the procesan vary depending on a number of
factors, including how many observers are usedt, &xperience, and the quality of their
viewing perspective (Barris & Button, 2008). Whisstidies examining the physical
demands of Rugby League using such a methodology tegorted the process as reliable
(King et al., 2009; Sirotic et al., 2009; Sirotiknowles, Catterick, & Coutts, 2011), due to
the considerable time required to manually coléeat analyse such data, these studies

have focussed on only a small number of games kyerns.

All of the ESL clubs currently use a post-game wigerformance analysis service
provided by Opta (Leeds, UK). Opta provide datanarily relating to the technical and
tactical actions of teams, however it is also guedio obtain the number of physical
collisions players experience through examiningrtiiaber of ball caries and tackles
Currently no reliability data exists for Opta rughyalysis, although the reliability of the
data collection process in football has been reglofttiu, Hopkins, Gémez, & Molinuevo,
2013). Data coded by independent Opta operatachesl a very good agreement (intra-
class correlation co-efficient ranged from 0.88 100 and low standardised typical errors
varied from 0.00 to 0.37) (Liu et al., 2013). Fenimore, personal communication with
Opta revealed they employ the same expert assessach team in the ESL to increase

reliability.
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Previous work has shown the measurement errorof@tional video analysis in terms of
frequency, mean duration, and total time of indiidmovement events to be around 5-

10% (Duthie, Pyne, & Hooper, 2003).

More recently, automatic computer visual trackiggtems have been developed. These
systems do not require human operators to locateiatiy and continually record the
position of the tracked object. Such systems cawige feedback on the movement
demands of competition to athletes and coacheseWenvthese still require substantial
operator intervention to process the data aftetucapAlso, they are often limited by the
restricted capture environments that can be usgdw&hin stadiums) which makes
longitudinal analysis difficult if all stadiums wiiin the league of competition do not have
the system installed. Studies using such methoddag Rugby League have utilised the
computer based systems Trak Performance (New S@atés, Australia) (Sirotic et al.,
2009; Sirotic et al., 2011) and Prozone (Leeds, (8¢kes, Twist, Hall, Nicholas, &
Lamb, 2009). The validity and reliability of thesgstems has been well established (Di
Salvo, Collins, McNeill, & Cardinale, 2006; Edgedo& Norton, 2006). The Prozone
study involved six participants performing a seonésuns in straight lines and different
directions at different speeds within two foottstldiums, and used timing gates as the
criterion measure to examine displacement velac(ia Salvo et al., 2006). The authors
concluded that Prozone represents a valid motiafysis system for analysing movement
patterns on a football pitch (Di Salvo et al., 2D06terestingly, the Trak Performance
system was compared to GPS to measure the totahdescovered by Australian Football
players (Edgecomb & Norton, 2006) using a calilwtateandle wheel as the criterion
measure. The GPS system overestimated the totahdescovered by 4.8%, whereas the
computer based system overestimated by 5.8%, adingliboth systems showed relatively

small errors in true distances. Randers and callesgompared four different match
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analysis systems, which included video based tingem analysis, a semi-automated
camera system (Amisco, Nice, France), and two iffemodels of GPS device (1 Hz and
5 Hz) over the course of the same 90 minute sagam®e (Randers et al., 2010). Although
all four systems were able to detect similar penimmce decrements over the course of a
game indicated by reductions in total distancelagt-intensity running, large between-
systems were present in the absolute distancesemhvEne Amisco system and 5 Hz GPS
measured the total distance covered at around @00igher than the video based time-
motion analysis and 1 Hz GPS. The Amisco systensored 600 — 1000 m more high-
intensity running than the other systems, indigataution needs to be applied when
comparing results from studies using differentayst (Randers et al., 2010). Given that
GPS can be used to analyse a whole squad of plajtbrselative ease compared to
computer based systems in any location, such acdethquantifying the movement
demands of players may be more appealing to coaftesport scientists than fixed

computer based systems.

2.2.2 GPS Technology

2.2.2.1 History and Development

GPS were developed in the late 1960s for use bgrttapnts within the US government,
specifically the department of defence and thedwati Aeronautics and Space
Administration (NASA) (Steede-Terry, 2000). The bokdeveloping GPS was at any
time for a GPS receiver to determine a three-dimo@as$ position on Earth in any weather
conditions with a high level of accuracy. This piosi was important in a military context
(missile delivery, search and rescue) (Kaplan &afgg 2005). GPS relies on a

constellation of 27 satellites orbiting at varyingjectories that are combined to cover
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surface of the earth. At any one time there arg aritaction of these satellites visible and
to determine the global position the GPS receivéruses a simple calculation of how
long a signal from a satellite takes to reach i by using the signal from three satellites,
the position can be obtained using a synchronikedk ¢Steede-Terry, 2000).
Manufacturers using GPS units within a sportingteshhave programmed software to
examine data achieving a minimum of four satell#esn acceptable level whereby
movement data can be collected, however the meedites the receiver can “lock on” to,
the more accurate the movement data will be (Curmn@nr, O’Connor, & West, 2013).
The distribution of satellites within the sky camyide an indication of the geometric
guality of the data obtained. This measure is nsoramonly known as the horizontal
dilution of precision (HDOP) (Hoppe, Baumgart, Raigp, & Freiwald, 2018). The lower
the HDOP value, the better the geometry of thdlgateonfiguration (Williams &

Morgan, 2009). The development of commercial spgr&PS technology began with
devices sampling at 1 Hertz (Hz) and limited sofeM@ accompany them. More recently,
5 Hz, 10 Hz, and 15 Hz units have been availabdeti@ technology has been
incorporated with tri-axial accelerometers to pdevadditional information by factoring in
impacts and ground reaction forces measured irofGef (G). These systems allow for
individual workloads (distance covered and time#tise spent at different velocities) to
be recorded and also allows for real time analysening up a number of applications in
performance assessment (Williams & Morgan, 200%)e current 15 Hz units typically
report interpolated values, upgrading a 5-10 Hz GR®& signal (Aughey, 2011; Johnston,
Watsford, Kelly, Pine, & Spurrs, 2014). The termtérpolation” essentially refers to a
method of constructing new data points within tege of a discrete set of known data
points (Maffiuletti et al., 2016 Currently, the leading manufacturers who supphhsuc

devices are GPSports (Canberra, Australia), Cat@yiatoria, Australia), and Statsports
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(Co. Down, Ireland). In modern day team sports,GIRS devices are typically housed
within a vest worn by the player, with the devibesng located on the players back
between the shoulder blades. A wealth of literaéxists examining the validity and

reliability of the devices for use in sport. Sutidses are outlined in Table 2.1.

Minimal measurement error during the collectiordafa is critically important in sport
science research. The main components of measuremenare systematic bias (e.qg.
general learning or fatigue effects on tests) amdlom error due to biological or
mechanical variation. Both error components shbeldneaningfully quantified for the
sport scientist to relate the described error dgijoents regarding ‘analytical goals’ (the
requirements of the measurement tool for effeqtraetical use) rather than statistical

significance of any reliability indicators (Atkins& Nevill, 1998).

Methods based on correlation coefficients and s=goa provides an indication of
‘relative reliability’. Relative reliability is thelegree to which individuals maintain their
position in a sample with repeated measurementsniBartner, 1989). Absolute reliability
is the degree to which repeated measurements @amdividuals (Baumgartner, 1989),
and is expressed in the actual units of measureareat a proportion of the measured
values. Common statistical methods include thefmoefit of variation (CV) or typical

error (TE) and limits of agreement (LoA).
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Table 2.1: Summary of validity and reliability studies undéeta on GPS specific to field sports.

GPS Device(s)
(Sampling Rate)

Authors

Task(s)

Criterion
Measure(s)

Parameter(s)

Distance

StatisticéResults

Mean difference + LOA

Conclusion

Valid tool for measuring speed and

MacLeod, Morris, SPI Elite (1 Hz)

Nevill, and
Sunderland (2009)

Petersen, Pyne, MinimaxX v2.0 (5

Portus, and Dawson Hz
(2009) SPI Pro (5 Hz)
SP110 (1 Hz)

Barbero-Alvarez, SPI Elite (1 Hz)

Coutts, Granda,
Barbero-Alvarez,
and Castagna

(2010)
Coutts and Duffield SPI Elite (1 Hz)
(2010) SPI110 (1 Hz)
Wi SPI (1 Hz)

Simulated team
sport circuit
(hockey)

Cricket specific
movement

15 m sprint
30 m sprint

Simulated team
sport circuit

Trundle wheel
Timing gates

Timing gates
400 m athletics track

Timing gates

Timing gates
Measuring tape

Mean Speed

Distance
Various speeds
from walk to
sprint

Peak velocity

Distance

Distance 2.5 + 15.8 m
Speed 0.0 + 0.9 knh
Pearson’s correlation
0.99 P < 0.001) for distance and
speed
Pearson’s correlation
0.99 P <0.001)

TE (%) for walk to stride (1 to 5
m.st
1Hz:05t02.1
5 Hz SPI Pro: 0.4 to 3.7
5 Hz MinimaxX: 1.7 to 3.8
TE (%) sprinting >5 m.g
1 Hz: No result

5 Hz SPI Pro: 2.6 to 10.5
5 Hz MinimaxX: 5.3 t0 23.8
Pearson’s correlation
15 m sprint: 0.87P < 0.001
30 m sprint: 0.94P < 0.001

Bias (%)
1Hz SPI10:-4.1+4.6
SPI Elite: -2.0 £ 3.7
Wi SPI: +0.7 £ 0.6

total distance during hockey

Acceptable validity and reliability for
estimating distances in walking to
striding, further development needed
for shorter cricket specific sprints

Valid and reliable tool to asses both
single and repeated sprint performance
over distances of 30 m, further
development needed to validate
performance < 30 m
Accurate and reliable information on
total distance travelled during team
sport running patterns; however data
from different devices should not be
used interchangeably. 1 Hz may not be
valid for defining high intensity
activities, especially if they are
completed over a non-linear path
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Table 2.1 Continued.

Authors GPS Device(s) Task(s) Criterion Parameter(s) StatisticéResults Conclusion
(Sampling Rate) Measure(s)
Duffield, Reid, MinimaxX v2.0 (5 Simulated court VICON Distance TE (%) GPS underestimated distance and
Baker, and Hz) based movements Mean velocity Not reported speeds recorded during court based
Spratford (2010) SPI Elite (1 Hz) Peak velocity  Calculated from reported data to confined movements. The same device
be ~ 7 to 31% should be used for the same player to
avoid inter-unit error
Gray, Jenkins, SPI Elite (1 Hz) Linear 200 m Theodolite Distance Bias (95% LOA) GPS distance demonstrates reduced
Andrews, Taaffe, course Linear course: validity in non-linear movement
and Glover (2010) Non-linear 200 m +2.0% (5.25 to0 -1.23) patterns, including curved or circular
course paths, as movement intensity
Multidirectional course: increases. Although 1 Hz GPS units
-6.0% (2.0 to -13.4) should be considered a reliable tool
for measuring total distance travelled
by athletes in field based team sports,
multiple changes in direction at high
speed may reduce reliability and
validity
Jennings, Cormack, MinimaxX v2.0 (1 Straight line Timing gates Distance TE (%) The reliability and validity of GPS to
Coultts, Boyd, and Hz and 5 Hz) course Measuring tape Linear course: estimate longer distances appears to be
Aughey (2010) COD course Goniometer 1 Hz MinimaxX: 9.6 + 2.0 to 32.4 acceptable (<10% error). However,
Simulated team +6.9 currently available GPS systems
sport course 5 Hz MinimaxX: 9.8 £ 2.0 to 30.9 maybe limited for the assessment of
+5.8 brief, high speed straight line running,

Multidirectional course:

accelerations or efforts involving a
1 Hz MinimaxX: 9.0 £ 2.3 to 12.7

change of direction. An increased

+3.0 sample rate improves the reliability
5 Hz MinimaxX: 8.9 £ 2.3 to 11.7 and validity
+3.0

Team sport circuit:
1 Hz MinimaxX: 3.6 + 0.6
5 Hz MinimaxX: 3.8 + 0.6
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Table 2.1 Continued.

Authors GPS Device(s) Task(s) Criterion Parameter(s) StatisticéResults Conclusion
(Sampling Rate) Measure(s)
Portas, Harley, MinimaxX v2.5 (1 Linear course Trundle wheel Distance Pearson correlation Both methods produced valid and
Barnes, and Rush Hz and 5 Hz) Multidirectional 0.99 for both 1 and 5 Hz reliable measures of linear motion and
(2010) course could be used to precisely quantify total
Soccer specific TE (%) distance motion in linear sport activity
movement 1 Hz Walk: 1.8 t0 4.2 such as running. For multidirectional
5HzWalk: 2.2to 4.4 motion, both 1 Hz and 5 Hz were valid
1HzRun: 2.4t06.8 and reliable in less challenging
5 Hz Run: 2.2t0 3.6 scenarios but not in the more complex
1 Hz soccer specific: 1.3 to 3.0 where reliability decreased
1 Hz soccer specific 1.5 to 2.2
Castellano, MinimaxX v2.0 (10 Linear running, Timing gates Distance SEM (%) 10 Hz GPS is valid for measuring
Casamichana, Hz) 15and 30 m Measuring tape 15m: 1.9 distance during linear running motion,
Calleja-Gonzalez, 30m:5.1 with accuracy improving as distance
Roman, and increases. High intra-device reliability
Ostojic (2011) Bias (%) was observed and it was concluded
15 m: -11.9% because of the small variations between
30m: -6.5% devices it is not always necessary to
monitor players with the same device
95% ClI
15m: 12.9t0 13.6 m
30m: 28.4 to 27.7m
Waldron, SPI Pro (5 Hz) Straight line Timing gates Distance CV (%) 5 Hz GPS can be used to quantify
Worsfold, Twist, sprinting Measuring tape Peak speed Distance: 5.0t0 8.1 small, yet practically significant

and Lamb (2011)

Speed: 6.6 10 9.8

changes in sprint performance,
particularly with reference to measures
of peak speed in young rugby players.
However, it appears that calculations
made using either a GPS device or
timing gates can differ markedly

18



Table 2.1 Continued.

Authors GPS Device(s) Task(s) Criterion Parameter(s) StatisticéResults Conclusion
(Sampling Rate) Measure(s)
Johnston et al. MinimaxX v2.5 (5  Simulated team Timing gates Distance T-test 5 Hz GPS units are capable of
(2012b) Hz) sport circuit (as Measuring tape Peak speed  GPS and criterion for total distance  measuring total distance and peak
per Coutts & and peak speed both (P> 0.05) speed. Because of the levels of
Duffield, 2010) reliability revealed in this study it is
Flying 50 m recommended that they are only used to
sprint measure the distance covered, time
spent, and number of efforts performed
at < 5.5 mg
Varley, MinimaxX v2.0 (5 Straight line Instantaneous velocity Acceleration, CV%, [correlation] Superior validity and inter unit
Fairweather, and Hz) running using a tripod mounted Deceleration Constant velocity reliability of 10 Hz compared to 5 Hz.
Aughey (2012) MinimaxX v4.0 (10 laser Constant 1to 3 m.g: 8.3 +0.27, [0.96] The 10 Hz provide sufficient accuracy
Hz) velocity 3to5 m.5: 4.3 + 15, [0.95] to quantify acceleration, deceleration
5to 8 m.s: 3.1+ 0.13[0.92] and constant velocity running phases in
Acceleration team sports
1to3m.g:5.9+0.23, [0.98]
3to5m.8: 4.9 +0.21, [0.95]
5to 8 m.8: 3.6 + 0.18 [0.92]
Deceleration
5to 8 m.8: 11.3 + 0.44 [0.98]
Johnston, MinimaxX S4 (10 Team sport Timing gates Distance TE (%) No significant differences between GPS
Watsford, et al. Hz) circuit Measuring tape Peak speed Distance distance and criterion. High correlations
(2014) SPI Pro XlI (15 Hz) 10 Hz MinimaxX: 1.3% between GPS and peak speed criterion.

15 Hz SPI-ProX: 1.9%
Peak speed

10 Hz MinimaxX: 1.6%

15 Hz SPI-ProX: 8.1%

No advantage of using 15 Hz GPS over
10 Hz
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2.2.2.2 Validity

The first commercially available GPS device desthsgecifically for sporting application
became available in 2003 (Edgecomb & Norton, 2006is device (GPSports Systems,
SPI-10) sampled at 1 Hz in the first study to sipeadly investigate GPS application in
team sports. The validity of GPS for distance mesment in a series of predetermined
circuits was established via comparison with abtated trundle wheel. There was a
systematic overestimation of distance by GPS of@pmately 5%, despite high

correlations (= .998) to criterion distance.

Further validation of GPS for team sports did nmtuw until 2009 (MacLeod et al., 2009;
Petersen et al., 2009), but since then numerodgesthave attempted to examine the
accuracy of GPS for recording movement during sddré relatively rapid advances in
GPS technology has warranted further investiga®new devices require validation prior
to being used for research (Buchheit et al., 20D#ect comparisons across these studies
is difficult however if the aim is an all-encompemgsstatement on the validity of GPS in
team sports, due to the variety of exercise taSIkS devices, sample rates and statistical
methods applied (Table 2.1). Consequently, prackis working with GPS must take
steps to understand the validity and reliabilityledir own devices within their own

settings and usage.

Researchers have used different methods when detegithe gold standard criterion
measure that GPS is compared with. The most pomé#nod is to measure a course with
a trundle wheel or tape measure, and then setegpr@hic timing gates at the start and
finish. Researchers then estimate the startingt poithhe GPS data, add the measured

length of time to complete the course, and attatadce over that period from the GPS

20



software (Barbero-Alvarez et al., 2010; Castellanal., 2011; Coutts & Duffield, 2010;

MacLeod et al., 2009; Petersen et al., 2009; WaldWorsfold, et al., 2011).

The higher the sample rate, the more valid GPSrhesoWhen comparing similar high-
velocity sprinting tasks across several studiesgtinor in distance reported for 1 Hz GPS
is higher than for 5 Hz (Coutts & Duffield, 2010uffield et al., 2010; Jennings et al.,
2010) and 10 Hz is lower again (Castellano eR8l1,1). The typical error (TE) for
distance covered was as great as 32.4% for 1 HziG®Standing start 10 m sprint, with 5
Hz GPS marginally better at 30.9% (Jennings eR8I0). By contrast, a 10 Hz GPS
demonstrated a 10.9% TE over a 15 m sprint (Casizkt al., 2011). In another study, 1
Hz GPS underestimated distance in a high veloenyis specific drill by approximately
31%, whereas 5 Hz GPS only underestimated by appataly 6% (Duffield et al., 2010).

It has been shown that GPS units sampling at 1 &lzlve unable to record movement
taking less than 1 second to complete (Coutts &iBldf 2010). The newer 10 Hz units
are capable of measuring the smallest worthwhiésgk in acceleration, whereas the 5 Hz
unit is unable to do so (Varley et al., 2012). Bheater errors associated with
measurement of distance with the 1 Hz and 5 Hh@4.0 Hz units indicate that sampling
rate may be limiting the accuracy of distance agldaity measurements. The findings into
the validity and reliability of 15 Hz interpolatelgvices suggests there is no advantage to
using these devices over 10 Hz devices when congptotal distance, or high speed

running distance (HSR) (3.8 — 5.5 M).¢Johnston, Watsford, et al., 2014).

Not surprisingly the velocity of a task directlyflurences the validity of distance measured
by GPS. Perhaps the best illustrations of this ortatudies where the same devices are
tested at a range of velocities. Portas et al.q6howed the TE to be lowest during
walking (around 1.8 m’ TE 0.7%) and highest during running (around 6mT€

5.6%). Similarly Johnston et al. (2012b) reporteat & Hz GPS is capable of measuring
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movement performed at velocities lower or equdl.®om.s"; however recommended

caution when analysing movement performed at viéscof above 5.5 m’s

Although it has been reported that GPS can praaidalid measure of distance during
change of direction tasks at low to moderate spé®dsoth 1 Hz and 5 Hz GPS (Jennings
et al., 2010), validity has been shown to decr@agechange of direction tasks as velocity
increases, and the complexity of the change ottime increases; the TE for 1 Hz and 5
Hz GPS for walking through a gradual change ofdiiioe course was 2% and 0.6%
respectively, however increased to 17.4 % and 12d%printing. For a course where the
change of direction was tighter, the TE for 1 Hd &Hz was 9.2% and 5.2% respectively,
which increased to 22.2% and 15.8% for sprintinghbuld be noted however, that when
designing validation protocols including changeslioéction, human locomotion around a
marked circuit may not be a sufficiently reliableade for criterion validity studies. Given
the very small measurement error of the Vicon gatemotion analysis system (<
0.0008%) used by Duffield et al. (2010), the diseameasured by this system whilst
jogging around a 26 m perimeter rectangle was @6.Bumans do not rigidly adhere to a
marked trajectory, but rather lean around corneder to maintain balance and speed
and exhibit a sinusoidal pathway due to alterndimg@ support (Gray et al., 2010). Given
that the GPS unit is worn on the upper thoracioregt is logical that during change of
direction tasks the GPS unit does not follow thespribed path exactly. Furthermore, the
deficit between the path of the device and theqpitesd path is likely exacerbated at
higher speeds and greater turning angles (Jeneirajs 2010)Although this may be
possible to control during low-speed linear tagksreasing speed and course complexity

by introducing changes of direction make verifioatof receiver path almost impossible.

The longer the duration of a measured task, themalid GPS measured distance

becomes. For example, the TE for 5 Hz is reducam 82.4% to 9.0% for sprint distances
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of 10 m and 40 m respectively (Jennings et al.020This is reduced even more to just
3.8% over a 140 m modified team sport running dirthiat included a range of tasks of
differing velocities and change of direction (Jenys et al., 2010). Similarly, in a 197 m
simulated high intensity soccer activity, the TEsvuast 1.5% for 5 Hz GPS again (Portas

et al., 2010).

Thus, in the application of current GPS technolaggre confidence is possible in
measures of a longer duration, even if they coranods of high-velocity activity.
Furthermore, researchers and practitioners shamdcause GPS with a higher sampling
rate to enhance the validity of findings. It isikaly that 1 Hz GPS can detect anything
other than total distance moved by players ancefber higher sampling rates should be

used to quantify the high intensity measures arlyuafiimost interest to team sports.

2.2.2.3 Reliability

The factors of sampling frequency, speed of movenaem duration of task which affect
GPS validity, similarly affect the reliability of 5. The co-efficient of variation (CV) of a
10 m sprint was 77% with 1 Hz GPS and 39.5% wiktiz§Jennings et al., 2010).

However in linear soccer tasks, the CV was 4.46%4or 1 Hz and 4.6 — 5.3% for 5 Hz
(Portas et al., 2010). For longer duration tadks,GV was reported as 1.4%-2.6% for 5 Hz
measurement of walking 8800 m, yet only 0.3-0.7%dlfélz GPS (Petersen et al., 2009).
However, more recently 10 Hz GPS has demonstraiptbived reliability during the
constant velocity (CV < 5.3%) and acceleration ecaleration phase (CV < 6%) (Varley
et al., 2012). It is possible that different modmtsl manufacturers can partially explain
these differences in reliability, however it apmean increased sampling rate appears to

improve the reliability of GPS measures.
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One thing that is clear, is that the higher th@e®y of movement, the lower the reliability
of GPS. Jennings et al. (2010) showed the CV fbiHa unit to increase from 30.8%
(walking over 10 m) to 77.2 % (sprinting over 10 @®'S. With 5 Hz GPS, the CV
increased from 23.3% (walking over 10 m) to 39.5¢rifiting over 10 m)Similarly
Petersen et al. (2009) showed with 5 Hz unitswraking 8800 m had a CV of 1.4% —
2.6%, but sprinting 20 m had a CV of 19.7 % - 30%e reliability of GPS devices is also
negatively affected by movements requiring chamgetrection. The CV for gradual and
tight change of direction movements at walking plaae been reported as 11.5% and
15.2% respectively (Jennings et al., 2010). Thet ttfpange of direction movements may
demonstrate a decreased reliability due to theeas®d number of speed changes

performed.

Interestingly, the variability between two GPS aronh the same player for total distance
and high intensity running distance in a hockeyamatere similar at approximately 10%
(Jennings et al., 2010) using 5 Hz GPS (CataputitxX), however it was concluded in
a sports setting that players should wear the $aRt unit every training session or game
to avoid inter-unit error. However Castellanole{2011) found that with 10 Hz GPS it
was not always necessary to monitor players wighstime GPS device every training
session or game due to the small variability betwasvices for 15 m and 30 m runs (CV

1.3% and 0.7% respectively).

The studies from the literature conclude GPS deviceuse in team sports have an
acceptable level of validity and reliability fors&ssing movement patterns in team sports;
however caution should be taken when analysing mew patterns when the speed of
movement exceeds 5.5 i, ®specially for devices with a low sampling ratkis caution
should be interpreted with the specific analytgadl of the study taken into account (the

requirements of the measurement tool for effeqtraetical use) rather than statistical
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significance of any reliability indicators. Thesgaytical goals’ in relation to the

reliability of GPS are explored in the later Chagptef this thesis. GPS units with increased
sampling frequency demonstrate improved reliabditg validity. It should be noted
however that there is no additional benefit to gsrl5 Hz (5 Hz with 15 Hz interpolation)
unit over a 10 Hz unit (Scott, Scott, & Kelly, 2QMhen measuring total distance or
distance covered at speeds up to 5.5'nThe commercial availability of current 10 Hz
devices, with a more sensitive GPS receiver andawgal algorithms, justifies their
utilisation within current research examining theuament demands of intermittent, field

based sports such as Rugby League.

2.2.2.4 Use of GPS in Detecting Collisions in Gudin Sports

In addition to the non-running demands, currentisnmercially available GPS devices
now contain accelerometers, gyroscopes and mage&tmmaking it possible to measure
accelerations associated with sporting movememttyding physical collisions in contact
sports (Gabbett et al., 2010; Gastin et al., 26y et al., 2012). Historically, the
numbers of collisions during match-play have bekmiified retrospectively using video
replays (King et al., 2009; Sirotic et al., 2009k&s et al., 2009). However, similar to
examining movement demands this way, the manuahga collisions from video
footage is labour intensive, taking club video gst and sport scientists considerable
time to analyse such data. A real-time or immedbaigt-event system that could
automatically identify collisions would be beneéitto provide information that could be
used to give practical guidance on training lodderefore, there is a clear need for a
system that can both automatically and accuratelgitor collision loads during games

and training.
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Studies utilising GPSports SPI Pro devices hawttiomally reported the level of impacts
as a G force which has a poor relationship witklescand ball carries in Rugby League
(McLellan et al., 2011a). A number of studies freamying collision-based sports
(Australian Football, Rugby Union, Rugby Leagueydattempted to quantify collision
events using both microsensor technology and vimbsed notational analysis (Cummins
& Orr, 2015; Gabbett, 2013c; Gastin et al., 20181 ®llan et al., 2011a). Although
reporting impacts in G may have limitations in aetely quantifying collisions, an
algorithm has been developed which can detectsamtiievents using the tri-axial
accelerometer in the GPSports devices when uskdgby Union (Kelly et al., 2012). The
authors used static window features and a matheneatining grid to detect collisions
using the tri-axial accelerometer, which enabletistons to be consistently detected with
very few false positives and false negatives (Ketlgl., 2012). Early work in Rugby
League has shown that the Catapult MinimaxX GP $cdesan automatically detect
collisions (Gabbett et al., 2010). Using a spegid#signed manufacturer algorithm,
analysis of 237 collision events from 21 trainimgsions and a single trial game showed
no significant differences and strong correlatibasveen the total number, number of
mild, moderate, and heavy collisions detected leydivice and those subjectively coded
from video footage (Gabbett et al., 2010). For liston to be detected, the GPS unit was
required to be in a non-vertical position, meartimg player was leaning forwards,
backwards, or to the left or right. Instantaneolay&Load" (PL) (a parameter specific to
Catapult GPS devices) which is determined as avetagnitude from the instantaneous
rate of change in acceleration in the three axescdleration (Boyd, Ball, & Aughey,
2011; Young, Hepner, & Robbins, 2012) was caledddty the device. A spike in the
instantaneous player load shortly before the chamgéentation of the unit was also

required for the collision to be detected (Gabbetl., 2010). Clearly a limitation of this
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study is that the majority of collisions were codesim training observations, where the
frequency and intensity of collisions have beenshto be considerably lower than those
experienced in competition (Gabbett et al., 20¥®)ilst descriptors were described for
the video coding of mild, moderate, and heavy silhs, the authors did not state how the
GPS device was able to differentiate between thgfsrences in collision intensity.
Although the authors state there were no signifid#ferences and strong correlations
between GPS and video detection, they providedfoomation on how undetected

collisions and false detections were handled.

Further work has shown that the same GPS devicenandifacturer algorithm was unable
to detect collisions in Australian Rules Footbaiith a 78% success rate (Gastin, McLean,
Breed, & Spittle, 2014), however unlike in the Gatbland colleagues study (Gabbett et
al., 2010) all of these collisions were from foompetitive games. The authors stated the
less successful detections than when comparedjtyy league may be due to the
differences in tackle dynamics. In rugby, a tacklgenerally considered complete when
the player carrying the ball is brought to the grdwr the ball touches the ground whilst
the player is being held. To accommodate this evecthe algorithm requires a
considerable change in orientation of the GPS imihustralian Rules Football, the
objective of a tackle is to impede the progresthefplayer with the ball, to prevent the

ball being disposed of or to force an ineffectivegpdsal; which can be achieved without
necessarily brining the player to ground. Therefareumber of completed tackles may
not have been detected as the change in orientitenia was not met (Gastin et al.,
2014). The device was more sensitive in detectglés against (90%) rather than tackles
made (66%) (Gastin et al., 2014), which may betdube difference in intensity of

carrying the ball into contact compared with makangckle (Gastin et al., 2014).
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More recently, GPSports SPI HPU units were usatktect collisions against those coded
from video footage in men’s and women’s rugby sev&ilarke, Anson, & Pyne, 2016). A
collision was detected by the device when all tleeeleration vectors exceeded 3.5 G.
Unlike the success of the same device in Rugby tu(elly et al., 2012) the device only
had modest utility in rugby sevens, with 45% oflisans for men, and 62% of collisions
for women being incorrectly detected. The diffeenctcollision detection algorithm may
account for some of the differences observed wiobempared to Rugby Union (Kelly et al.,
2012), however it was also recognised that possibé/to tackles being one-on-one events
or because the ball is quickly removed from a bdealn in rugby sevens, ball contests
following a tackle are minimised (Clarke et al. 18D The authors attributed differences in
measures between the men’s and women’s game ggdeasult of physical size,

strength, physicality and technical and/or tactfaators (Clarke et al., 2016).

Collectively, these findings show that to allow thetection of a range of collision events
within contact sports requires sophisticated saond event-specific algorithms, and until
these are further refined and validated the useiofotechnology data is best when used in

combination with other technologies such as videdirg.

More recently, the Catapult Optimeye S5 device usel to detect collisions during NRL
match-play compared with 380 collisions coded lmewifootage. In order for a collision

to be detected by the GPS device, a spike in itest@ous PL above or equal to 2 arbitrary
units (AU) is required to occur along with a chamgerientation of the device (Hulin et
al., 2017). The number of true-positives (playeoimed in a collision and the device
reported collision) and false-negatives (playeoiugd in a collision and the device did
not report a collision) were used to calculate ity (reporting a collision event when
collisions do occur), whilst the number of true-atges (collision detection algorithm

conditions were met, the player was not involved oollision, and a collision was not
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recorded by GPS) and false-positives (player natdlired in a collision and the GPS
device reported a collision) was used to calcudaeificity (not reporting collision events
when collisions did not occur) (Hulin et al., 201The device was sensitive to detect
97.6% of collision events during Rugby League mgtiely, with the specificity of the
device being lower at 91.7% (Hulin et al., 2017hjeh highlights the error associated with

the devices are due to not reporting collision év@&hen collision events do not occur.

As previously eluded to, Ak an accelerometer derived parameter specifiatatilt

GPS devices. More recently, variants of the PL iméive been developed with regards to
providing greater insights into some of the higbederation, low velocity movements
(such as collisions, tackles, and wrestling) tleiuo during Rugby League. Given the
strong relationship between PL and measures dfd@tance (Boyd et al., 2010), the
vertical vector of the PL equation can be remoyedyiding a measure of accelerations in
the medio-lateral and anterio-posterior planes 2 PlayerLoad" [2DPL]) (Johnston,
Gabbett, & Jenkins, 2015). Given that Rugby Leggagers are required to perform
substantial amounts of wrestling and grappling lvatile standing and on the ground,
these physically demanding activities can be gfiadtiising the PlayerLoad SIdW (PL
Slow) metric. PL Slow quantifies all acceleratidresm the accelerometer that occur at
speeds of less than 2 m.&abbett, 2015b). It has been shown that therevaad
relationships between PL, 2DPL, and PL Slow anchtimaber of collisions and repeated
high-intensity efforts performed for OB € 0.13 — 0.30) and PIM &€ 0.20 — 0.34) , i.e.
players that are involved with greater HSR demahds forwards groups (Gabbett,
2015b). However these relationships were signitigagreater for the forwards € 0.52 —
0.69) and hookers € 0.32 — 0.65). These findings suggest that PL,[2@Ad PL Slow

offer measures of providing collision activity ingtional groups such as the forwards and
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hookers, but are limited in describing the collsaxtivities for positions such as OB and

PIV.

With regards to collision intensity, Wundersitz ayalleagues attempted to validate the
Catapult MinimaxX S4 unit to measure peak impacebarations in a laboratory setting
using three-dimensional motion analysis as themoih measure during tackling and
bumping activities (Wundersitz, Gastin, RobertsbiNetto, 2015). Twenty five players
wore the device, attached to which was a single-retflective marker recorded by a 12
camera motion analysis system during a tackle bilgadbump pad drill, and a one on
one tackle drill. Peak impact accelerations asrdEmbby the GPS device overestimated
(mean bias 0.6 G) when compared to those recorgételmotion analysis system, with
the tackle bag drill providing the greatest validitith the motion analysis system.
Accuracy of the device was increased when a cuilt#f of 20 Hz was applied (mean
bias 0.01 G) (Wundersitz et al., 2015). With tbatsuous development in
microtechnology used to assess athlete demandsiahefactures of such devices claim to
be able to automatically detect collisions andrthsesociated load in collision sports.
Indeed one such is the Statsports Viper deviceghewthese claims are yet to be

scientifically validated.
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2.3 Quantifying the Physical Demands of Rugby LeaguMatch-Play
2.3.1 Introduction

Most of the research examining the physical demahéigby League match-play has
focused on the movement demands measured with Gfege are a few points to consider
when comparing across studies. Firstly, there as little consistency across the
literature in the velocity zones used for low-spéaaging from 0-1.9, 1-3, 0-2.7, 0-3.3,
and 0-5 m.3), moderate-speed (1.9-3.9, 2.7-5, 3-5 and 3.3s8)rhigh-speed (3.9-5.8, 5-
5.5, 5-6.1 and 5-7 m'y and very high-speed/sprinting activity (>5.5,655>5.8, >6.1, and
7 m.sY) (Austin & Kelly, 2013, 2014; Gabbett, 2012b; Mdlam & Lovell, 2013;

McLellan, Lovell, & Gass, 2011c; Waldron, Twist,at, 2011). Secondly, universal
definitions for positional groupings between stgdaee difficult, and will largely depend
on the tactics employed for the team(s) under ityason. It maybe that different studies
use the same positional categories but they coois@itferent positions within those
categories. For example “HUF” compromise of onlgg® in some studies (Gabbett et al.,
2010; Gabbett et al., 2011, 2012), whereas the sabtegory includes all of props, second
rows, and loose forward in others (Twist et al14£)) or sometimes just props and second
rows (Waldron, Twist, et al., 2011). Full-backs bdeen classified as both OB (Twist et
al., 2014; Waldron, Twist, et al., 2011) and P\afBett et al., 2010; Gabbett et al., 2011,
2012). Similarly Waldron, Twist, et al. (2011) d#ses the loose forward position as a
PIV, whereas (Gabbett et al., 2010; Gabbett eR@lL1, 2012) classify the position as a
WRF. Such examples highlight the difficulty of gpmg individual positions, and should

be taken into account when comparing values actoskes.

What is also clear from reviewing the literatur¢hiat the vast majority of studies at the

elite level have examined the demands of the NRhpsgdition, which is regarded as the

31



highest level of competition in the world (EavedB&ad, 2007; Gabbett, 2013b; Twist et
al., 2014). In addition to oun-depth understanding of the positional demands te
course of 80 minutes of match-play in the NRL (Aust Kelly, 2013, 2014; Cummins &
Orr, 2015; Gabbett, 2012b; Gabbett et al., 2012ngten, Sirotic, & Coutts, 2014; King et
al., 2009; McLellan et al., 2011c; Sirotic et @011; Twist et al., 2014), the physical
demands have been broken down to examine the rapsirdling passages of play
(Austin, Gabbett, & Jenkins, 2011; Johnston & Gahla®11), influence of field position
and phase of play (Gabbett, Polley, Dwyer, Kear8eg€orvo, 2014), influence of the
opposing team (Gabbett, 2013b), fatigue and pastiragegies (Black & Gabbett, 2014),
and demands of successful and less successful {etuins, Gabbett, Kearney, & Corvo,
2014). There are few studies examining the bassd@ipoal demands in the ESL from a
limited number of games and players from teams &timg at the top of the table (Twist
et al., 2014; Waldron, Twist, et al., 2011), clganr understanding of ESL match-play is
far behind what we know about the NRL. In the astlydy to directly compare the
demands of the NRL and ESL, it is perhaps not sing that NRL players performed
more HSR than those competing in the ESL, and NIRizgos managed to better preserve
HSR between the first and second half of matchess{Tet al., 2014). Studies that have
examined the movement demands of match-play adlifeclevel (i.e. NRL and ESL

competitions) are summarised in Table 2.2.
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Table 2.2:Studies describing the movement demands of Rughygue match-play.

Authors Competition Playing Distance Relative Low-Speed High-
/Positional Time (Min) (m) Distance Activity (m) Speed
Group (m.min™) Running
(m)
(Sykes et al., ESL OB - 8142 + 630 - - -
2009)* ESL PIV - 8800 + 581 - - -
ESL Props - 8688 + 405 - - -
ESL Back - 8685 + 547 - - -
Row
(Sykes et al., ESL OB - 89+11-97+9
2011) ** ESL PIV - 100£8-105+5
ESL Props - 102 +6-107
17
ESL Back - 96+9-102+9
Row
Austin and  NRL forwards - 5964 + 696 85+4 4655 + 568 432 + 127
Kelly (2013) NRL backs - 7628 £ 744 86+5 5844 + 549 749 + 205
Gabbettetal. NRL HUF 38.0+10.8 3569 + 1177 94 + 10 3334 +£1082 235+ 122
(2012) NRL WRF 58.5+16.7 5561+ 1579 96+ 13 5143 + 1474 418 + 154
NRL PIV 64.1 £ 23.0 6411 + 2468 101 + 19 5974 + 2299 436 + 198
NRL OB 735+ 14,9 6819+ 1421 93+13 6235+ 1325 583 + 139
Gabbett NRL HUF 50.7 £ 13.1 5129 + 1652 105+ 21 4878 + 1541 251 + 157
(2013a) NRL PIV 749+ 14.6 7834+ 2207 99+8 7513 £ 2138 320+ 176
NRL OB 77.8+10.1 7575+ 850 94 + 10 7123 +£830 452+ 113
McLellan et NRL forwards - 4982 + 1185 - 4664 + 1165 232 +60
al. (2011c) NRL backs - 5573 + 1128 - 4879 + 1339 440+ 101
McLellan NRL forwards - 8442 + 812 98 £ 12 - -
and Lovell NRL backs - 8158 + 673 101 +8 - -
(2013)
Varley, NRL 64.9+18.8 6276+ 1950 96 + 16 5950 + 1845 B24B8
Gabbett, and
Aughey
(2014)
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Table 2.2 Continued

Authors Competition Playing Distance Relative Low-Speed  High-Speed
/Positional Time (Min) (m) Distance  Activity (m) Running
Group (m.min™) (m)
Twist et al. NRL HUF 56.7 + 16.4 4948+ 1370 88+8 - -
(2014) NRL PIV 82.8+8.9 7973+1160 968 - -
NRL OB 85.8+39 7381+518 876 - -
ESL HUF 57.9+15.8 5733+1158 102+ 14 - -
ESL PIV 69.7 £ 23.4 6766 + 1495 104 + 27 - -
ESL OB 83.9+129 7133+1204 86+11 - -
Waldron, ESL HUF 442 +19.2 4181+1829 95+7 1723 + 743 513 + 298
Twist, et al. ESL PIV 65.2+12.4 6093+1232 94+8 2365 + 667 907 + 255
(2011) ESL OB 77.5+123 6917+1130 89+4 3262 + 505 926 + 291
(Oxendale et ESL forwards 55:2 +21:4 4675+ 1678 82%7 - 307 £ 194
al., 2016) ESL backs  67:1+25:2 5640+2191 83+10 - 481 + 262

*In the Sykes et al. (2009) study, interchange @tayvere analysed together to give a total value
for that position, e.g. props were shown to coklerttighest distance even though they spend less

time on the field

** |n the Sykes et al. (2011) study, relative digtas are reported as ranges over game quarters

2.3.2 Total Distance

During a game, the total distance covered is tyyitetween 4000-8000 m which can
vary depending on playing position and standarcbofipetition (Table 2.2). OB have been
shown to cover greater distances (5550-8000 m)Rer{6000-7000 m) and HUF (3500-
6000 m). Differences between positions for thel tdistance covered are less evident
when expressed relative to playing time (Table.R&)ative distances (m.mthshow

trivial differences between positions with moste@sh (Austin & Kelly, 2013; Gabbett,
2013a; McLellan & Lovell, 2013; Twist et al., 20M/aldron, Twist, et al., 2011)

suggesting forwards cover slightly greater distanedative to playing time, which may be
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attributable to forwards typically spending lesasdion the field than other positions,
usually around 40-50 min (Gabbett et al., 2012;stwt al., 2014; Waldron, Twist, et al.,
2011). At the elite level (NRL and ESL) playersitgly cover 90-100 m.mih (McLellan

& Lovell, 2013; Twist et al., 2014; Waldron, Twigt, al., 2011). Semi-elite and junior
elite match intensities are typically lower thaiteeatches (88 vs 95 m.niin(Black &
Gabbett, 2014; Gabbett, 2013a, 2014a; Johnstdn 2043), and are lower again for non-
elite matches (75-83 m.mti (Duffield, Murphy, Snape, Minett, & Skein, 201@abbett,
2014b; Johnston et al., 2013). Reasons for théfatices could be attributable to
reduced physical (Gabbett, 2005a; Gabbett, KelalpR & Driscoll, 2009) and skill
gualities (Gabbett, Kelly, & Pezet, 2007) in norteeplayers leading to lower work rates,

more errors, and stoppages during play.

The relative distance covered appears importatitd@utcome of matches. In elite (NRL)
and semi-elite (QC) competition, greater relatiistathces are covered by winning sides
(Black & Gabbett, 2014; Gabbett, 2013b), which sggg the ability to maintain high work
rates is linked to match outcome. However, a mecemt study disputes such findings.
Hulin et al. (2014) suggest that success in the MRiot indicative of greater running
workloads, in fact less successful teams were yebln greater relative distances in the
“mean 5 minute period” of match-play than their meuccessful counterparts and
concluded more successful teams are involved meatgr number of collisions. Whilst the
average match intensity (m.rifior the games duration) is useful for profiling theneral
demands of the sport, and has shown relationsleifpeslen match outcome, the average
demands of the game do not highlight the most deingrpassages of match-play (Austin
et al., 2011; Gabbett, 2015a; Gabbett et al., 2C#) thus conditioning players based on
such movement demands in training is likely to ltesuplayers being underprepared for

competition (Gabbett et al., 2014; Kempton, Sirdlameron, & Coutts, 2013). There is
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support for such a notion given that when only ssisg ball in play time rather than the
whole game (including stoppages), average NRL matching intensity is significantly

greater (125 + 16.1 vs. 86.7 + 9.8 m.MitGabbett, 2015a).

Field position and phase of play (attack or def¢hes also been shown to be a
determinant of the relative distance covered inNRe&.. Greater relative distances are
evident when defending in the final third of theldi (70-100 m zone) compared with 0-30
m (117 + 29.1 vs. 100.4 + 28.9 m.i)r(Gabbett et al., 2014 ollectively, these data
show the importance of players maintaining highainantensity, as well as possessing the

ability to increase intensity at critical match ipels.

2.3.3 High-Speed Running

At critical parts in the game, players are requiederform high-speed activities (Austin
et al., 2011; Gabbett, 2013b, 2014a). When comgamisitions, OB have been shown to
perform the greatest volumes of HSR (452 + 113ampmared with PIV (320 £ 176 m),
and HUF (251 + 157 m) (Gabbett, 2013a) (Table 2B .perform significantly more
high-speed runs over 10-20 m than HUF, and ove3@6+ than PIV and HUF (Sykes et

al., 2011).

A recent study has reported that less successtelMIRL teams perform more HSR than
successful teams in the same competition (Hulal.e2014), however this study was
limited to two teams (one with a high and one vaittow success rate) and therefore may
be limited by the tactical approach of these teadtler findings suggest there is little
difference in the amount of HSR between winning sthg teams in Southern

hemisphere competitions at the elite level (GahRé&tt3b), and semi-elite level (Gabbett,
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2014a). In the only study to date to directly cone@dRL and ESL competition, NRL
players were found to perform more HSR, and bett@ntain HSR between first and
second halves of the game (Twist et al., 2014). tWheurrently unclear is how players
achieve these distances (e.g. good kick chasennimg teams vs. covering line breaks in
losing teams). It may be in fact less successtuhteare equally equipped as their more
successful counterparts to perform HSR efforts peuhaps cannot recover as quickly
(Gabbett, 2013b). Indeed such data examining tties®nds for less successful ESL
teams has not been investigated. Examining additideta such as line breaks also may

provide more useful information into how these alistes are achieved.

2.3.4 Sprinting

The distribution of sprints between positions misrthe HSR demands (Gabbett, 2012b).
In the NRL, only 1.4% of sprints are deemed “higioeity” (> 7.0 m.8) with remaining
sprints made up of low (1.11 m.&), moderate (1.12 — 2.77 rif)sand high ( 2.78 m.¥)
acceleration efforts (Gabbett, 2012b). Standing3®} and forward walking (28.1%) are
the most common activities players perform prioa print (Gabbett, 2012b). Training the
acceleration ability of players over 0-20 m fromwamber of starting positions is thought
to be imperative. Longer sprints focusing on maxivedocity are also important for OB
(Gabbett, 2012b; Waldron, Twist, et al., 2011hds been shown at semi-elite standard
(QC), that the top four sides in the competitiorfgren more sprinting than the bottom

four sides (Gabbett, 2014a).
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2.3.5 Collisions

Players require the ability to perform and withstamysical collisions during both
attacking and defensive phases of play (Gabbeit,é2010). The defensive play of
tackling is integral to performance, where theigbib effectively perform a winning
tackle may prove critical in determining match ame (Gabbett, 2013c). The attacking
play of ball carrying and the ability to tolerateiihg tackled is important for gaining
distance and field position. Not only is the tatamber of collisions sustained important,
but also the collision type and magnitude are \dtaisiderations for match outcome
(Cummins & Orr, 2015). Whilst forwards HSR demaads typically lower than other
positions, their collision demands are the greateshe NRL, WRF have been shown to
perform the greatest number of collisions overdbierse of a game (47 £ 12), followed by
HUF (36 = 8), PIV (29 £ 6) and OB (24 + 6) (Gabledtal., 2011). When expressed
relative to playing time, HUF experience the grsateequency of collisions over the
course of match-play (Gabbett et al., 2012; Syked.£2011). HUF (16; range 14 to 18)
and WRF (17; range 15 to 20) have been shown forpe significantly greater number
of “heavy” collisions when compared to PIV (11; gar® to 14), but not OB (14; range 12
to 16) measured through the Catapult MinimaxX dey&abbett et al., 2012), however as
in a previous investigation (Gabbett et al., 201103,authors provided no information on
how the device was able to differentiate betweenntensity of the collisions. Hulin et al.
(2014) have showed that teams in the NRL who perfibie greatest numbers of collisions
have improved chances of winning. This finding hasn confirmed by others
investigating semi-elite competition (QC) (Hulin@abbett, 2015). The number of
collisions manually coded from video footage durifgl. match-play has been reported as
38 £ 19 for forwards and 25 + 8 for backs (Twisalet2012). Later work using GPS has

reported higher collision counts in the ESL fomiards (54 = 37) and backs (31 £ 13)
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(Oxendale et al., 2016). The data reported in teas#ies were from the same team, but
collected four seasons apart. This may suggesthbatemands of the game are
increasing, however it is also possible that thalsnumber of games analysed in these
ESL studies (Oxendale et al., 2016; Twist et &12) may account for some of the

differences and large variations observed.

2.3.6 Physiological Response to Match-Play

Thus far in this literature review, methods of meax) the movement and contact
demands of the game have been outlined. Such dencandoe defined as the “external”
demands or the work completed by the player, medsadependently of their internal
characteristics (Wallace, Slattery, & Coutts, 200%e internal demands may be defined
as the relative physiological stress imposed orplager as a result of the external
demands (Halson, 2014). Traditionally, heart redR) chest monitors have been used to
measure such demands since their inception 30 ggarsStudies demonstrating a strong
positive correlation between HR and oxygen utii@atluring continuous steady state
running underpin the rationale for using HR asraidirect measure of exercise intensity
(Achten & Jeukendrup, 2003) and is a highly popailathod due to the ease and non-
invasive nature of obtaining HR data during teawrtsactivities. However, the strength of
this linear relationship is compromised during inigtent and high-intensity exercise
(Borresen & Lambert, 2009; Dellal et al., 2010; &Higzeri, Rampinini, & Marcora,
2005). In such situations HR elevation in respdnsexercise is delayed as a large
proportion of the required energy is initially slipd via anaerobic metabolism (Borresen
& Lambert, 2009). Despite this evidence of identilyHR as being potentially unsuitable

for reflecting the physiological demands of higkeimsity intermittent activity, it remains
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prevalent in the majority of studies examining pigsiological response to match-play in

Rugby League.

Elite players have been shown to experience avéi&je over the course of match-play
similar to those of semi-elite players (Coutts, IRea, & Abt, 2003), with trivial
differences between OB (83.5 £ 1.9 % max), PIV814.1 % max) and HUF (84.1 + 8.2
% max).Average HR is reduced in the second half of theegimelite players, which can
be likely attributed to reductions in playing insély (Waldron, Highton, Daniels, & Twist,
2013). Although the relative intensity appearséashnilar between positions, the
physiological load over the course of the game nreasthrough Edwards training
impulse (Edwards, 1993) is greater in OB (279.4.8arbitrary units [AU]) than HUF
(198.3 + 82.3 AU), but not different to PIV (27&@3.5 AU), likely attributable to greater
playing times for these groups (Waldron, Twistalet2011). However greater overall and
HSR distances have also been shown to influenaepion of effort (Lovell, Sirotic,
Impellizzeri, & Coutts, 2013). Coutts and colleag/tve also described the blood lactate,
and estimated energy expenditure of semi-elitegstagompeting in the QC Cup (Coutts et
al., 2003). HR responses were demarcated intotov% HR max), moderate (70-85%
HR max) and high-intensity (> 85% HR max) zonedinkated energy expenditure was
calculated by extrapolating players’ match HR cameliwith the HR-VQ@regression
equation derived from an incremental treadmill.t&se mean blood lactate concentration
during the semi-elite game was reported to be 254nM.I*, with a significant reduction
between first (8.4 + 1.8 mM) and second (5.9 + 2.5 mM)lhalves (Coultts et al., 2003).
The invasive nature and logistical difficultieslddod lactate collection have limited the
use of this measure at the elite level. Blood lactalues are also likely to be influenced
by the intensity of exercise performed immediatedjore sampling and the potentially

limited role blood lactate plays in fatigue durimgplonged intermittent exercise (Krustrup
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et al., 2006). Nevertheless, the data from the alstwdies have confirmed that there is
both a large aerobic and anaerobic glycolytic comepd to Rugby League match-play

(Meir, Newton, Curtis, Fardell, & Butler, 2001).

2.3.7 A New Energetic Approach

One relatively recent approach has been to estithatmetabolic or internal cost of
activities performed during games based upon ptgaternal movement profiles. The
approach proposed by di Prampero and colleaguesdssa accelerated running on a flat
surface to be metabolically equivalent to inclioaning at a constant speed where the
incline is equal to the forward acceleration (ca@pero et al., 2005). The ‘equivalent
slope’ obtained from this method is then used twidle an instantaneous estimate of the
energy cost of accelerated running. This approashsince been adapted for use in team
sports (Osgnach, Poser, Bernardini, Rinaldo, &rdinfpero, 2010). In the first study to
examine the metabolic power demands of Rugby Leatateh-play, metabolic power
values of ~ 9-11 W/kg were reported (Kempton, Srd®ampinini, & Coutts, 2015). In
this study, speed-derived methods underestimatesh wbmpared to metabolic power-
derived indices from as little as 37% for OB, uy &% for HUF, with the authors
proposing metabolic power is a more appropriatehotethan the traditional speed based
approach (Kempton et al., 2015). However, the wglaf metabolic power to quantify the
internal load of team-sport activity has recentgb questioned due to a reported
underestimation of energy expenditure owing toreility to detect non-ambulatory
related activities (Buchheit, Manouvrier, Cassirag@élorin, 2015). Indeed, during a
repeated-effort rugby protocol comprising of 3 s#t8 collisions, metabolic power based

methods (7.2 + 1.0 kcal/min) underestimated tha extergy expenditure when compared
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to that obtained from open-circuit spirometry (18.2.3 kcal/min) (Highton, Mullen,
Norris, Oxendale, & Twist, 2017), concluding enesgpenditure is underestimated from
GPS based methods and should be applied with caditiong intermittent team sports that

involve collisions.

2.4 Fatigue Following Match-Play Demands

Post-game, players experience immediate and defgyadtoms of fatigue that persist for
a number of days. Several investigations have tegampairments in whole-body
neuromuscular function (Duffield et al., 2012; Jstam et al., 2013; McLean, Coutts,
Kelly, McGuigan, & Cormack, 2010; McLellan, Love&, Gass, 2011b; Twist et al., 2017,
Twist et al., 2012), increases in markers of sk¢letuscle damage (Johnston, Gabbett,
Jenkins, & Hulin, 2015; Johnston et al., 2013; Mtdre Lovell, & Gass, 2010; McLellan
et al., 2011a, 2011b; Twist et al., 2012) and r&duos in perceived well-being (Johnston
et al., 2013; McLean et al., 2010; Twist et al.1 20Twist et al., 2012) following Rugby
League match-play. Muscle damage resulting frompeiition has been shown to remain
throughout the entire season (Fletcher et al., R0l outside the scope of this thesis to
comprehensively review the literature on post-méatigue responses of Rugby League
players; rather the aim of this section is to labkhe match-play demands that may
contribute to such responses. A comprehensivewevighe mechanisms of fatigue in
professional Rugby League players has been cordipoteiously (Twist & Highton,

2013).

At the elite level, competition does not coincidiéhva standardised amount of recovery
between games which can be separated by as mdfydas/s and as few as 5 days over an

eight month season. Thus, coaching and conditiostiaif need to be mindful of the
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recovery time course in order to prepare optim@lhthe subsequent match. In the first
study to analyse the effect of different betweerniemaecovery times on the activity
profiles of NRL players (from a single team), maskafter short turnarounds (5-6 days)
were associated with greater relative total disgahen matches with longer recovery (9-
10 days) (Murray et al., 2014). The authors atteduhese findings to the increases in
low-speed activity, with interestingly no differesgcbetween moderate- and high-speed
activities (Murray et al., 2014). Although the anuth did not record ball in play time, they
suggest greater relative total and low speed distamy have been observed in shorter
turnarounds due to lower ball in play times. Thihats offered a potential explanation
that players attempted to manage fatigue in shamatounds by kicking the ball out of
play more often, thereby reducing ball in play ti(Murray et al., 2014). Consistent with
previous findings into winning and losing in Southbemisphere competition games
(Black & Gabbett, 2014; Gabbett, 2013b), the retatntensity in terms of the distance
covered per minute was higher when games were #enaashort turnarounds (Murray et
al., 2014). This again emphasises that the conyeetitlvantage of teams is closely linked
to their ability to maintain a higher playing ingty, and suggests successful teams can
overcome the physical and mental challenge of dbeivveen match recovery cycles.
Conflicting findings were reported in a later studgain for a single NRL team where it
was shown that matches following short recoveryas/(5-6 days) were associated with
reduced relative total and HSR distances, whiclewaéso evident when matches were won
(Kempton & Coutts, 2016). The total time the ba#isrout of play reduced the relative
total distance, but not HSR distance. It has beported that for a single ESL team over a
period of fixture congestion (four games in 22 dejth between match periods of 6, 2,
and 5 days) that reductions in high-intensity ragri 5.5 m.§") and increases in low

speed activity (< 5.4 mi’3 were evident in the later matches, indicativambverall
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slowing of movement speed (Twist et al., 2017). fidduction in high-intensity running
coincided with reductions in countermovement juight time, indicative of lower body
neuromuscular fatigue (Twist et al., 2017). Larg@uctions in between-match training
loads (measured through session rating of percaxedion multiplied by session
duration) were reported for the periods of fixtaomgestion between matches 2 and 3 (2
days), and matches 3 and 4 (5 days). Clearly a&dimon of these studies is the limited
sample size in regards to the fact they only réeduplayers from single teams.
Establishing such information in a greater sampkeams could increase our
understanding of the match demands for games ddiffeggent between match recovery

periods.

2.5 Summary

In summary, this chapter has reviewed the methoasmonly used to assess physical
match demands in Rugby League including video tine¢ton analysis, GPS, and HR, all
of which will be used throughout this thesis. Titerature that currently exists examining
the physical demands of the game has also beaneajitthe vast majority of which
focuses on the elite level NRL competition. Our enstanding of ESL match-play clearly
is far behind what we know about the NRL and hehiethesis will attempt to increase
our understanding of ESL competition, examine #went developments in the physical
intensity of ESL match-play, provide evidence foe best methods of quantifying
collisions, and examine the effect of differentvibe¢n match recovery periods on the

running performance of the subsequent match.
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Chapter 3

General Methods

Methods that are common to multiple studies withis thesis have been included in this
section. Details of methods that were exclusiva particular study can be found in the

relevant chapter.
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3.1 Ethical Approval and Location of Testing

Ethical approval for all experimental proceduredined in this thesis was granted by the
Liverpool John Moores University Ethics Committébe governing body of Rugby
League in the UK, the Rugby Football League (RFyéalso passed the GPS devices to
be used as safe to wear during training and cotipetiChapter 4 (2012 season) and
Chapter 6 (2012, 2013, 2014 season) testing taatept every ESL stadium over these
seasons (13 home games, 13 away games, 1 newotadyr All away fixtures were played
on grass. The teams and stadiums in the leaguemednidne same over this period.
Chapter 5 testing took place at the stadium of &b &@ub based in North West England.
The pitch at the home ground of the club understigation was ageneration (4G)
artificial Desso surface. Chapter 7 data was frioensame team as in Chapters 4 and 6, and
took place at an ESL stadium in Yorkshire, Engldaodng the 2014 season. Chapter 8
data was collected from six ESL clubs during offidtSL regular season games in the

2015 season, which were played at various stadibimaghout the league.

3.2 Assessing Player Movement Patterns

In all chapters where player movements were asse€dtS technology was used. Two
different models of GPS device were used througtiostthesis; the characteristics of

which can be seen in Table 3.1.
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Table 3.1: GPS device characteristics of those to be us#udsdrthesis.

Manufacturer Chapters Mass Size GPS Accelerometer Additional
(unit name)  featured (9) (mm) sampling sampling rate  features
rate (Hz) (H2)
GPSports (SPI 4,5,6, 76 48 x 20 x 5 with 15 100
Pro XII) 87 interpolation
Gyroscope,
Statsports 5,6,7,8 50 21 x 18 x 10 100 digital
(Viper) 77 compass

In Chapter 4 participants wore the GPSports SPMPranit in a custom designed vest in
addition to a compatible HR chest monitor. In Clea, the participants wore both models
of unit simultaneously in a custom designed ve#h wie units being located on the upper
thoracic region approximately 15 cm apart (Figuf®.3n Chapters 6 and 7, participants
wore the Statsports Viper unit in a custom desigresd. In Chapter 6, participants also
wore the GPSports SPI Pro XII unit in a customgiesil vest. In the aforementioned
chapters, a tightly fitted squad shirt was wornrdhe vest. In Chapter 8, participants wore
the Statsports device with either a tightly fittieguad shirt over the vest, or the unit was
placed in a small purposely made pouch in the sgiaadng shirt. In all Chapters where
GPS was used, the devices were switched on anidief0 minutes to acquire satellite
locks before the commencement of movement actastper manufacturer instructions.
Players underwent a familiarisation period usirgg@&@PS devices during training sessions
that included Rugby League specific training, gameulated contact activities and pre-

season friendly games.
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Figure 3.1 Participant wearing both models of device in a@ostlesigned vest.

After the units were collected from the playerstfesting, data were downloaded to a
computer via multi-unit docking ports. Data frone tBPSports units were downloaded
using Team AMS Release R1 2012.4 (GPSports, Canb®ustralia). Data from the
Statsports units were downloaded using Statspd2t6.2.5 (Statsports, Dundalk, Ireland)
before being exported into Microsoft Excel (Micr&ésBGorporation, USA) for further

analysis.

3.4 Assessing Player Collisions

Notational analysis was used to gather data ondhision demands of match-play in both
Chapters 4 and 6. This data was provided by Optaydependent analysis service who
provide performance data to every ESL club throexgimination of video footage.

Currently no reliability data exists for Opta Rugiyalysis specifically, although the
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reliability of the data collection process in foallthas been reported (Liu et al., 2013).
Results showed that data coded by independentd@pgetators reached a very good
agreement (intra-class correlation co-efficiengethfrom 0.88 to 1.00 and low
standardised typical errors varied from 0.00 t&P(Riu et al., 2013). Furthermore,
personal communication with Opta revealed they emntile same expert assessor for each
team in the ESL to increase reliability. Previousrkvhas shown the measurement error for
notational video analysis in terms of frequencyamduration, and total time of individual
movement events to be around 5-10% (Duthie e2@03). Opta variables included the
number of ball carries and tackles. The total nunabeollisions was calculated by
summing the number of ball carries and tackles. Atmaber of carries only included those
that resulted in a collision with an opposing platygough either the ball carrier being
tackled by a defending player, or the ball camgieing into a tackle and offloading the ball
in the process of being tackled. Tackles did noluide missed tackles, which were
discarded from the analysis given that the data f@pta cannot distinguish which missed
tackles resulted in a collision or not. Notatioaaalysis was used again to quantify
collisions in Chapter 7, however rather than u€dmpga data, collisions were manually
coded by the author of this thesis from observatiovideo footage. Collisions were
defined as “a player making contact with eitherthaoplayer or the ground, which
resulted in an alteration to the player's momentusrthe player’s direction of travel”
(Gabbett et al., 2010; Hulin et al., 2017). Allerfsive, defensive, and collisions off the
ball were coded. A repeated analysis was condumidgtie sample three weeks later to
assess intra-individual test-retest reliabilityngsCohen’s kappa statistic, which assesses
the level of agreement for variables assessed omnab scales. These were then
compared against the number of collisions autoralljidetected by the Statsports Viper

device. The Cohen’s Kappa statistic can be useddtr inter- and intra-rater reliability
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tests, and is similar to a correlation co-efficieariging from -1 to +1, where 0 represents
the amount of agreement that can be expected fodom chance, and 1 represents
perfect agreement between the observations. Asawittelation statistics, the Kappa is a
standardised value and thus interpreted the sarossamultiple studies (McHugh, 2012).
Cohen suggested the Kappa result be interpretéadlass: values 0 as indicating no
agreement, 0.01-0.20 as none to slight, 0.21 @ &4fair, 0.41 to 0.60 as moderate, 0.61
to 0.81 as substantial, and 0.81 to 1.00 as alpe$tct agreement (Cohen, 1960). A3 x 3
cross tabulation approach was used to assess wlaetb#ision was a ball carry, tackle, or
collision off the ball. Further cross tabulationsere then conducted to assess ball carries
to ground vs. ball carries not to ground (2 x agktes to ground vs. tackles not to ground
(2 x 2), and first man tackle vs. second man taeklg¢hird man tackle (3 x 3). The Kappa
statistic for each of these cross tabulations Wwas tomputed using the Statistical Package
for Social Sciences (SPSS), version 21 (ChicagdJBA). For every category the Kappa

statistic was 1.0, indicating a perfect level ofesgment for each of the collision categories.

3.5 Determination of Positional Groups

In Chapters 4 and 6, data for positional groupsvestamined. The definitions of these

groups are outlined in Table 3.2.

50



Table 3.2:Positional group definitions for use in Chapteand 6.

Positional group Individual positions within that group
Outside Backs (OB) Full-back, wingers, centres
Pivots (PIV) Hooker, stand-off, scrum-half
Middle Unit Forwards (MUF) Props, loose forwards
Wide Running Forwards (WRF) Second rows

Two forwards groups (MUF and WRF) were used rathan grouping the forwards as a
whole, which has largely been the case in previessarch (Twist et al., 2014; Waldron,
Twist, et al., 2011). This was because the tacteglirements imposed on these positions
by the coaching staff at the club were substagtdaifferent and it was likely that the MUF

would play significantly less game time than the WWR

3.6 Determination of Time on Pitch

In Chapters 4, 6 and 8, only “time on pitch” wasdi$or analysis. “Time on pitch”
encompassed how much time the player was on tlygglaitch for during the game.

Time where players were off the field, such as whiethe interchange bench were
removed from analysis. “Time off” during match-playch as injury time or video referee
was included, hence “time on pitch” may, in somgesaexceed the standard 80 minutes of

match-play.
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Chapter 4

The competitive physical demands for a low
ranked newly promoted ESL team with

regards to differences in position

There are limited insights into the physical densofdESL competition for newly
promoted low ranked teams. Obtaining such inforomais of practical and pertinent
importance given the ESL has re-introduced pronnadiad relegation after operating on a
franchise system for the past six seasons. Cua8htresearch is also limited to a small
number of players and games. Therefore the airheotirrent study was to provide
comprehensive positional profiles of the physicatech demands for a newly promoted
low ranked ESL team, over the entirety of a conpetiseason. This study has been

published in a special edition of the European dalusf Sport Science:

Evans, S. D., Brewer, C., Haigh, J. D., Lake, Martdn, J. P., & Close, G. L. (2015). The
physical demands of Super League rugby: Experienicasewly promoted franchisgur

J Sport Scil1-9. doi: 10.1080/17461391.2015.1041064
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4.1 Introduction

There are limited insights into understanding thgsical demands of elite ESL
competition. Most of the research at the elite llévas been conducted within the NRL
which is widely perceived to be a better standdrcbmpetition (Eaves & Broad, 2007,
Gabbett, 2013b; Twist et al., 2014). The only stadixamining the movement demands of
the ESL competition using GPS are limited to a smainber of games and players
(Oxendale et al., 2016; Twist et al., 2014; Waldtdighton, Daniels, et al., 2013;
Waldron, Twist, et al., 2011). Research into theLNBmpetition has shown that analysing
demands from an entire competitive season prodsigedficantly different results to
previous investigations using data collected oeerer games where there were
underestimations in total distance and distancermsavat high-speeds (Austin & Kelly,
2013). Analysing a higher number of players andemmould allow for a greater
understanding of the physical demands of match-gllayving for higher variance in

playing styles of opposition and referee intergreta

Furthermore, all of the ESL studies are also lichite high ranked teams competing at the
top of the table (Oxendale et al., 2016; Twistlgt2014; Waldron, Highton, Daniels, et
al., 2013; Waldron, Twist, et al., 2011). Giventtimthe NRL, lower ranked teams have
been shown to experience greater physical matcladésthan their higher ranked
counterparts (Gabbett, 2013b), establishing sufchnmation for newly promoted low
ranked ESL teams is a pertinent issue given tleaE®L has only recently re-introduced
promotion and relegation for the 2015 season. itbadhat newly promoted clubs (who
may have been run on a part time basis in the &ebglow) may have to withstand greater
physical demands than the rest of the competititihpugh to date this suggestion has not
been investigated. Establishing such informatiamaelp inform the conditioning

practices for those working with newly promoted #mder ranked teams in the future.

53



In addition to the movement demands, there islalgted information examining the non-
running demands of ESL competition. These inclingecbllision demands, and the
relative internal physiological cost of the movernand collision demands. Therefore the
aim of the current study was to provide comprehanpositional profiles of the
movement, collision, and physiological demandsafoewly promoted low ranked ESL
team, over the entirety of a competitive seasomwak hypothesised that there would be
significant differences between positions when ararg the physical demands of

competition.

4.2 Methods

4.2.1 Participants

Thirty-three male elite Rugby League players frév@ English ESL club under
investigation participated in this study. Playeer@sub-categorised into the four
positional groups as described in Chapter 3 foh gamne based on which position they
would feature predominantly during that game. A sary of the anthropometric profiles
of the positional groups, based upon the playatfédatured the most in that group

throughout the season can be seen in Table 4.1.
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Table 4.1: Mean (SD) anthropometric details for positionalugs. These were taken at

the start of the ESL season.

n Height Weight (kg)  Age (Years) Sum of seven
(cm) skinfold sites
(mm) #
OB 8 180 (5) 96 (4) 24 (3) 61 (14)
PIV 11 176 (6) 86 (8) 23 (5) 47 (8)
MUF 10 184 (4) 106 (5) 26 (4) 74 (11)
WRF 4 184 (4) 99 (7) 24 (4) 58 (6)

#Sum of seven skinfold sites: Abdominal, iliac crestbscapula, bicep, tricep, thigh, calf.
All measurements were taken according to the lateynal Society for the Advancement

of Kinanthropometry (ISAK) protocols by an ISAK-aedited practitioner.

4.2.2 Procedures

Players wore an individual GPS device (SPI Pro &R Sports, Canberra, Australia) as
described in Chapter 3 with a compatible HR moratteiched to the thoracic region.
Maximum HR was obtained prior to data collectioefied as the highest value reached
during a modified 150 metre maximal anaerobic $hiist (Brewer, 2008). The procedure

for switching on devices and downloading data scdbed in Chapter 3.

A total of 459 data files from all 27 regular sea&SL games (17 players per game) from
the 2012 season were originally considered forysial If players were not on the pitch for
more than two standard deviations away from theameefor that positional group for that
particular game, they were discarded from the a@mafigince this was likely the result of
an injury rather than a tactical substitution). sTleift 399 data files that were included in
the analysis. The number of performances for easltipn were 116 (OB), 79 (PIV), 124
(MUF), and 80 (WRF). Throughout the testing perohean of 8 satellites (range 7-11)

were available for signal transmission.
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4.2.3 Variables

Time on pitch was determined as described in Ch&ptelovement variables included
those outlined in Table 4.2 in addition to thesealdes expressed per minute of time on
pitch. Additional movement variables included pspked (m:%), number of sprints (>5.5
m.sY), number of sprints per minute of time on pitckerage sprint distance (m), and
maximum sprint distance (m). The speed threshokte wetermined according to methods
used previously investigating the demands of &itgby League match-play using GPS

technology (Austin & Kelly, 2013; McLellan et aQ11c).

Table 4.2: Speed thresholds for use in the current study {(AdsKelly, 2013; McLellan
et al., 2011c).

Movement Speed (m:$) Speed (km.h)
Walking 0-1.6 0-6.0
Jogging 1.6-2.7 6.0-12.0
Cruising 2.7-3.8 12.0-14.0
Striding 3.8-5.0 14.0-18.0
High intensity running (HIR) 50-55 18.0 - 20.0
Sprinting >5.5 >20.0

In order for ease of comparison with previous itigasions, the total distance covered
above 5.0 m:§(the sum of HIR and sprint distance) was termed$R and expressed per
minute of time on pitch. This however was excluffedh statistical analysis, and used

rather to provide a comparison across studies.
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HR zones used are outlined in Table 4.3. These hased on methods used investigating
the physiological demands of Rugby Union (Cunnifeyctor, Baker, & Davies, 2009).
As well as the total time spent in HR zones, paamgm of the total time spent in zones

were also analysed.

The number of collisions, including ball carriesldaackles was calculated as described in
Chapter 3. Whilst these were examined for eachtipaail group, the Opta data also allows
collisions to be examined for opposition sides.réf@e the data were examined for the
team under investigation and their opposition dkiercourse of the season in order for
comparison. The variables were expressed as talentoinber of carries per game, total
number of tackles per game, and total number disemts per game (for the team under

investigation and opposition sides).

Table 4.3:Heart rate zones for use in the current study (Gignet al., 2009).

Zone Number % of HR Max
1 < 60%
2 60 — 70%
3 70 — 80%
4 80 — 90%
5 90 — 95%
6 > 95%

In addition to the number of collisions, the quicsition of accelerometer “impacts”
measured in G-force from the GPS were also examihebould be stressed that this

model of device has not been validated to detdtsioms outright. The impact zones
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examined are outline in Table 4.4, and set up auoegrto system manufacturer guidelines.
As well as the total number of impacts in each ztimese were also expressed per minute
of time on pitch. High intensity impacts (above @mmonly occur in sport such as
aggressive changes in direction, falling to theugadh landing from jumping and collisions,
therefore impacts less than 7G were excluded fl@rahalysis as these were likely to
represent foot contacts from walking, running, entte changes in direction (GPSports,

2012).

Table 4.4:Impact zones for use in the current study.

Zone Number Intensity of Impact (G-Force)
1 7-9
2 9-11
3 11-13
4 13-15

Additional data provided by Opta was also examinearder to contextualise the physical
data and to compare the newly promoted team aghieistopposition. These variables
included the mean time that the ball was “in plai& mean time in possession of the ball,
the mean number of line breaks, and mean numbaErafs. An error in this case is
defined as “a player making an error which lead#oopposition gaining possession of

the ball, either in open play or in the form ofcawsn” (Opta, 2011).
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4.2.4 Statistical Analysis

Before using parametric statistical proceduresagsimptions of normality and sphericity
were verified using the Shapiro-Wilk and Mauchlegttrespectively. One-way analyses of
variance (ANOVA) were performed to assess diffeesrzetween positions for all
variables. Where a significant difference was olseérpost-hoc Tukey Honest Significant
Difference (HSD) tests were conducted to identify bocation of the differences.
Independent T-tests were performed to assesseatiffes between the team under
investigation and the opposition for additional &gata. Statistical significance was set at
P < 0.05 throughout. All parametric statisticalggdures were carried out using the
Statistical Package for Social Sciences (SPSS3iore21 (Chicago, IL, USA). To adopt a
practical approach, differences between positiogewalso analysed using Cohen’s effect
size (ES). ES were calculated as trivial (<0.2)akii®.2-0.6), moderate (0.6-1.2), large

(1.2-2.0), and very large (>2.0) (Hopkins, MarshBHtterham, & Hanin, 2009).

4.3 Results

For the 27 games analysed, 6 of these were won2&itheing lost. The league record for

the team over the 2012 season is outlined in T4ble
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Table 4.5 A summary of the team's league record over tHE2Z®ason. Data presented as

mean (SD) where appropriate.

League Total Points Points Total Tries Tries Tries

Position Points Scored Per Conceded Per Per Game Scored Conceded

Finish per Game Game Per Per
(Out of Game Game Game
14)
14 60 (13) 20 (13) 40 (18) 11 (3) 4 (2) 7 (3)

4.3.1 Movement Demands

Table 4.6 shows the movement demands over therspassented as mean (SD). MUF
spent less time on the pitch than all other pas#tid® = 0.001; ES = 2.9-7.8). As a result,
they covered less total distance (P = 0.001; EQ63), walking distance (P = 0.001; ES
= 2.9-8.9), jogging distance (P = 0.001; ES = 2%, ruising distance (P = 0.001; ES =
1.7-3.0), striding distance (P = 0.001; ES = 14)3IR distance (P = 0.001; ES = 1.5-
2.9), and sprint distance (P = 0.001; ES = 1.7-dh all other positions. By contrast OB
covered greater distances in HIR than PIV (P =D.&5 = 1.2) and MUF (P = 0.001; ES
= 2.9), greater distances sprinting than all offwaitions (P = 0.001; ES = 1.2-3.2) and
performed more sprint efforts than all other posisi (P = 0.001; ES = 1.4-3.5). OB
recorded greater peak speeds than MUF (P = 0.0 E3), and WRF (P = 0.001; ES =

1.7); however there only a small difference betw@&and PIV (P = 0.46; ES = 0.4).

Differences between positions were less evidentvaiesolute measures were expressed
per minute of time on pitch (Table 4.6). MUF covkgreater total distance per minute
than OB (P = 0.001; ES = 2.9) and WRF (P = 0.0@.+B.2), with WRF also being

lower than PIV (P = 0.001; ES = 2.4). MUF covereeager cruising (P = 0.001; ES = 3.3-
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4.1) and striding (P = 0.018; ES = 1.6-2.1) diséanger minute than OB and WRF.
Greater distances per minute for cruising (P =D& = 2.7-3.4) were also observed for
the PIV compared to OB and WRF, and for striding-(®02; ES = 1.5) when compared

to WRF.

4.3.2 Collision Demands

WREF performed more total collisions than OB (P 60, ES = 4.0) and PIV (P = 0.001;
ES = 3.3), whilst similar trends were observedMitdF (P = 0.001; ES = 2.7-3.3). There
was only a small difference between MUF and WRRdtal number of collisions (P =
0.926; ES = 0.2). OB performed less tackles thhatlér positions (P = 0.001; ES = 2.7-
3.8), with WRF (P = 0.001; ES = 1.8) and MUF (P.6(d; ES = 1.8) performing more
tackles than PIVPIV performed less carries than all other positigmaups (P = 0.001,
ES =1.4-1.7). When expressed per minute, MUF pad¢d more carries per minute (P =
0.001; ES = 2.3-5.3), tackles per minute (P = 0.&8.= 2.1-5.7), and subsequently

collisions per minute (P = 0.001; ES = 2.7-5.9nth# other positions (Table 4.7).

Absolute number of impacts from the acceleromeateealed trivial to moderate between
positions for 7-9 G (P = 0.136; ES = 0.2-1.2), 9a.{P = 0.66; ES = 0.1-1.3), 11-13 G (P
=0.251; ES =0.0-1.0), or 13-15 G (P = 0.316; H52=1.0).Differences in impact
intensity between positions were more evident wihgracts were expressed per minute.
MUF experienced a greater number of impacts peutaifor 7-9 G than OB (P = 0.001;
ES = 2.5) and WRF (P = 0.029; ES = 1.4), with a enatk difference to PIV (P = 0.378;
ES =0.6)For 9-11 G (P =0.001; ES = 1.5-3.2) and 11-13 G (P001; ES = 1.1-2.0),

MUF experienced greater impacts per minute thaatha#ér positions. There were trivial to
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moderate differences between positions in the itspaqerienced per minute for 13-15 G

(P = 0.249; ES = 0.0-0.9) (Table 4.7).

4.3.3 Physiological Demands

MUF spent less absolute time between 70-80% HR (Rax0.001; ES = 1.8-2.8) and 80-
90% HR max (P = 0.001; ES = 1.5-2.5) than all offasitional groups, likely attributable
to less playing time. When percentage of timesitahpvere examined, MUF spent less
percentage time between 70-80% HR max than OBQqRG2; ES = 2.5) and WRF (P =
0.022; ES =5.1), and less percentage time bet&@@&9% HR max than WRF (P = 0.02;
ES = 6.2). MUF did however spend more percentage &bove 95% HR max than both

WRF (P = 0.001; ES =5.1) and OB (P = 0.02; ES4} @able 4.8).

4.3.4 Additional Opta Data

Opta data revealed the mean ball in play time v&a8 # 3.5 min. The team under
investigation (23.4 £ 3.1 min) spent less timeasgession of the ball (P = 0.03; ES = 0.6)
than opposition sides (25.2 = 2.6 min). Opposismes (10 =+ 4) made a greater number of
line breaks (P = 0.01; ES = 1.4) than the team wexi@mination (5 = 3). The mean
number of errors per game was 28 + 4 with a modeliffierence (P = 0.07; ES = 0.6)
between the number of errors made by the team undestigation (13 £+ 3) and

opposition sides (15 + 4). The team performed rcardes (188 + 26) per game than
opposition sides (136 £ 15) (P = 0.01, ES = 2.%hadugh the team under investigation
performed more tackles per game (289 + 38) thawsippn sides (280 + 42), this

difference was found to be small (P = 0.4, ES 3.@&erall, the team experienced a
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greater number of collisions per game (477 + 48h thpposition sides (417 + 40) (P =

0.01, ES =1.5).

4.3.5 Comparison of Selected Variables across 8sudi

Table 4.9 shows the total distance, distance cdveee minute, HSR distance per minute,
and total number of collisions across positionalugs in the current investigation
compared with previous research. Whilst the tosthtice covered is similar across
studies, the distance covered per minute was lowtie current investigation compared
with all of those previously published. HSR distaper minute in the current study was
higher than previously reported in NRL competitidntal numbers of collisions in the

current investigation are lower than those repoiriettie NRL.
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Table 4.6:Movement demand data for positional groups presesganean (SD).

Outside Backs Pivots Middle Unit Forwards Wide Runimng Forwards
Absolute measures
Time on pitch (Min) 86.7 (3.4) t 72.8 (10.6) 47.8(6.6)* 1 77.0 (9.0)
Total distance (m) 7246 (333) 6549 (853) 4318 (570) * T ¢ 6408 (629)
Walking (m) 2737 (107) T 2229 (377) 1400 (195) *t * 2418 (307)
Jogging (m) 1689 (119) 1667 (252) 1094 (187) *t ¢ 1620 (221)
Cruising (m) 1452 (94) 1520 (140) * 1061 (169) * t 1304 (120)
Striding (m) 749 (71) § 676 (79) 481 (86) *t * 609 (64)
HIR (m) 197 (43) T 147 (41) 98 (26) * t 161 (26)
Sprinting (m) 421 (89) 1t 306 (108) 185(58) * t t 296 (82)
Peak speed (m's 8.3 (0.5) 8.1(0.4) 7403)*T 7.7(0.2) *
No. of sprints 25 (4) £t 18 (6) 11(4)*t % 19 (4)
Average sprint distance (m) 20 (2) 19 (2) 18 (2) 18 (2)
Maximum sprint distance (m) 60 (11) 38 (16) * 38(4)* 40 (7)
Per minute measures
Overall m.mir") 83.6(28) T 90.2(3.3) 90.8 (2.2) * ¥ 83.4 (2.4)
Walking (m.min™) 31.6 (1.0) 30.3 (1.5) 29.2(1.0)** 31.5(1.4)
Jogging (.mir%) 195@1.3) 1 23.0 (1.7) 23.2(2.4)* 20.9 (1.5)
Cruising (n.min™) 16.8(1.1) 21.4(1.6) 224 (1.6)*t 17.1 (1.6)
Striding (.min®) 8.6 (0.7) 94(1.1) % 10.1(1.2) * £ 8.0 (0.8)
HIR (m.mir") 2.3(0.5) 2.0 (0.5) 2.1 (0.4) 2.1 (0.4)
Sprinting .min™) 4.9 (1.0) 4.2 (1.2 3.9(1.1) 3.9(1.1)
Sprints per minute 0.28 (0.04) 0.25 (0.07) 0.24 (0.06) 0.25 (0.06)

* Significantly different from outside back® & 0.05).

t Significantly different from pivotsR < 0.05).
¥ Significantly different from wide running forwas@ < 0.05).



Table 4.7:Collision demand data for positional groups preseé@is mean (SD).

Outside Backs Pivots Middle Unit Forwards ~ Wide Ruming Forwards
Absolute measures
Impacts 7-9 G 135 (41) 200 (67) 166 (70) 177 (48)
Impacts 9-11 G 17 (3) 18 (4) 23 (8) 24 (8)
Impacts 11-13 G 6 (2) 5(2) 7(2) 6 (3)
Impacts 13-15 G 0.7 (0.4) 0.3 (0.4) 0.5(0.2) 0.6 (0.5)
Carries 10 (2) 5(2)*x ¢t 10 (2) 11 (2)
Tackles 10 (3) 18 (3)*x 1 25(5)* 25(5) *
Total no. of collisions 20(3) x * 23(3) x ¢t 35 (6) 36 (5)
Per minute measures
Impacts 7-9 G 1.55(0.47) t 2.75 (0.79) 3.29 (0.95) * £ 2.31 (0.49)
Impacts 9-11 G 0.20 (0.03) 0.26 (0.07) 0.47 (0.14)* T % 0.31 (0.07)
Impacts 11-13 G 0.06 (0.02) 0.06 (0.03) 0.15(0.07) * T % 0.09 (0.04)
Impacts 13-15 G 0.01 (0.00) 0.00 (0.01) 0.01 (0.01) 0.01 (0.01)
Carries 0.11 (0.02) 0.06 (0.02) * x % 0.22 (0.04) * 0.14 (0.03) * x
Tackles 0.11 (0.03) 0.25 (0.04) 0.51(0.11)*t % 0.33(0.06) * t
Total no. of collisions 0.23 (0.04) 0.31(0.04) *x % 0.73 (0.13) * 0.46 (0.07) * x

* Significantly different from outside back® & 0.05).
t Significantly different from pivotsR < 0.05).

¥ Significantly different from wide running forwas @ < 0.05).
x Significantly different from middle unit forward® < 0.05).



Table 4.8:Physiological demand data for positional groups@néed as mean (SD).

Outside Backs Pivots Middle Unit Forwards Wide Running

Forwards

Absolute times

(minutes)

< 60% HR Max 1.8 (1.7) 1.5 (3.0) 0.6 (1.1) 0.0 (0.0)

60-70% HR Max 28((1.6) t 1.1(1.1) 1.2(0.2)* 1.4 (1.3)

70-80% HR Max 18.5 (7.4) t 11.1 (4.7) 47 (25)*t % 13.7 (5.8)

80-90% HR Max 36.5(6.1) 29.9 (8.3) 16.4(9.9)*t % 40.2 (12.7)

90-95% HR Max 20.3 (7.6) 20.4 (9.5) 15.1 (4.2) 17.7 (10.5)

> 95% HR Max 6.6 (3.5) 7.5(4.8) 8.3(5.1) ¢ 2.4 (2.4)

Percentage of time on
pitch

< 60% HR Max 0.9 (1.8) 2.3 (4.6) 1.3(0.0) 0.0 (0.0)

60-70% HR Max 3.2 (1.8) 1.6 (1.6) 0.6 (0.0) * 1.8 (0.0)

70-80% HR Max 21.6 (9.0) 15.5 (7.1) 10.3 (2.0) * % 18.2 (1.1)

80-90% HR Max 42.8 (7.0) 40.8 (9.0) 33.7(0.2) £ 52.6 (0.2)

90-95% HR Max 23.8 (8.5) 27.2 (11.1) 32.5(0.1) 22.6 (0.1)

> 95% HR Max 7.6 (4.1) 10.6 (7.9) 17.7(0.1)* ¢ 3.1(0.1)

* Significantly different from outside back® & 0.05).
t Significantly different from pivotsR < 0.05).
T Significantly different from wide running forwadP < 0.05).
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Table 4.9 Mean total distance, metres per minute, HSR dégtgoer minute and total number of collisions asqssitional groups in the current
investigation and previous ESL and NRL investigagio

Investigation Competition Variable Outside Middle Wide Hit Up
Backs Pivots Unit Running Forwards Forwards Backs
Forwards Forwards
Current investigation ESL Total distance 7246 6549 4318 6408
Twist et al. (2014) ESL Total distance 7133 6766 5733
Twist et al. (2014) NRL Total distance 7381 7973 4948
Gabbett et al. (2012) NRL Total distance 6819 6411 5561 3569
Waldron, Twist, et al. ESL Total distance 6917 6093 4181
(2011)
Current investigation ESL Distance per minute 83.6 90.2 90.8 83.4
Twist et al. (2014) ESL Distance per minute 85.6 04.2 101.7
Twist et al. (2014) NRL Distance per minute 86.5 .296 88.0
Gabbett et al. (2012) NRL Distance per minute 93 101 96 94
Waldron, Twist, et al. ESL Distance per minute 89 94 95
(2011)
Current investigation ESL Distance > 5.0 m’sper minute 7.1 6.2 59 5.9
Twist et al. (2014) ESL Distance > 5.0 fhyger minute 6.6 5.9 5.6
Twist et al. (2014) NRL Distance > 5.0 m-ger minute 7.8 8.2 5.5
Gabbett et al. (2012) NRL Distance > 5.0 m’sper minute 7.9 6.8 7.1 6.2
Waldron, Twist, et al. ESL Distance > 5.8 m’Sper minute 4 4 2
(2011)
Current investigation ESL Number of collisions 20 23 35 36 36
Gabbett et al. (2011) NRL Number of collisions 24 29 a7 42
Gabbett et al. (2012) NRL Number of collisions 28 34 45
(Twist et al., 2012) ESL Number of collisions 38 25
(Oxendale et al., 2016) ESL Number of collisions 54 31
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4.4 Discussion

The primary aim of the study was for the first tinteereport a full seasons’ worth of data
regarding the external and internal physical madmands of ESL rugby within different
positional groups for a newly promoted team. Thia ¢iéghlights that for all positions, the
majority of match-play is spent in low intensity wemnent activities, but at a considerable
internal physiological demand at, or above 80% RBfrHax. OB spend more time on the
pitch, cover greater total distance, and cover ndstnce sprinting than other positions.
MUF conversely spend the least time on the pitdhamre required to operate at higher
relative intensities in terms of the total distanogered per minute, and with WRF were
involved in more collisions than other positionbeTotal distances outlined in the current
study are similar to previous investigations in®LEand NRL match-play. However the
newly promoted team operated at substantially lawerall movement intensities in terms
of the distance covered per minute, but coverecerfi@R distance per minute than
previously reported for higher ranked ESL sides mbmber of collision involvements
was also greater for the team under investigatibenrxcompared to their opposition ESL
sides over the course of the season. These datddresuggest that the newly promoted
ESL teams may be subject to increased HSR andicolldemands, potentially as a result
of being unable to control the speed of play ad askstablished ESL teams. This is
something that the coaching staff of newly promdezums should be aware of and attempt

to address in training.

The distance covered per minute was lower for@sitpns in the current study when
compared to previous investigations into elite mgilay. Given the mean number of tries
scored per game was 11, the mean errors per gam28yand the ball was only “in play”
for ~48 minutes per game (which is considerablydpthan previously reported in ESL at

around 55 min (Sykes et al., 2009) and NRL at addaBmin (Gabbett, 2012a)), it is
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likely that the lower distance per minute is a dinesult of the numerous stoppages in
play. Contrastingly, the HSR distance covered peauta is higher in this study than
previously reported in the ESL. It should be ndteat in the Waldron, Twist, et al. (2011)
study, 5.8 m3was used as the most comparable speed threshbkh ¥mparing these
values to sprint distances per minute in the caisardy (> 5.5 m:$), the values in the
current investigation are still considerably higH2ue to the considerable number of game
stoppages reported in the present study, it coalldrued that players were given more
time to recover between passages of play, whickdaoarease their ability to perform
high speed efforts in a more stop-start game.utccalso be argued that due to on average
40 points per game being scored against the teaer umvestigation, their defensive line
was broken frequently, and hence a lot of the HSR achieved in chasing back trying to
stop opposition attackers who have broken the Tihés suggestion is supported by the
fact that the opposition made more line breaks tharieam under investigation. Although
this study provides preliminary evidence that tf&R-demands are greater for lower
ranked ESL teams, the HSR demands are still loaer tor those reported in the NRL.
Thus, in agreement with previous research (Twisl.e2014), there is more evidence to
suggest that across the course of match-play, NRicimes are of greater high speed
intensities than ESL. It has been previously béenve that the difference between the
amounts of HSR between ESL and NRL players is d@lower reduction for NRL
players between the first and second half (9% ¥%0)XTwist et al., 2014). Differences in
physical capacity are known to influence HSR penfance during Rugby League match-
play (Gabbett, Stein, Kemp, & Lorenzen, 2013) whialght explain some of the observed
differences between ESL and NRL. It may also besiptesthat pacing strategies adopted
by players may account for some of the differenttdsas been shown that ESL players

typically adopt higher intensities in their firstezcise bout, followed by a lower,
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maintainable intensity in the second (Waldron, koglh Daniels, et al., 2013). Players in
the NRL might therefore be encouraged to adoptvan eacing strategy that enables only
small reductions in HSR during the second half ghme. Tactical strategies utilised by

NRL coaches might also enable the maintenance & #i8ing matches.

The collision demands for the team in the curréundyswere greater than for opposition
ESL sides. Again, the number of collisions is lowethe current investigation than those
reported in the NRL. However, in the current stadgsed tackles and collisions off the
ball were not reported as the Opta data availaigl@at able to distinguish between which
missed tackles resulted in a collision and whichrtht. These were included in previous
investigations in determining the total number alffisions in the NRL (Gabbett et al.,
2011, 2012) which could account for some of theeoked differences. The number of
collisions reported in the current study are corapler to those previously reported in the
ESL for forwards and backs groups (Twist et al120Qhowever are considerably lower
when compared to those more recently reported (@deret al., 2016). Given that the
data reported by Oxendale and colleagues are foomskasons after the data reported by
Twist and colleagues (collected from the same teany two seasons after the data
reported in this study, this may reflect that tkeendnds of the game are increasing.
However, it is also possible that the very smathber of games analysed in these ESL
studies (Oxendale et al., 2016; Twist et al., 2008y account for some of the differences

and large variations observed.

For the newly promoted team, there were also s@amt positional differences. Greater
overall movement intensities in terms of the distaocovered per minute were observed for
MUF despite lower absolute differences coveredtddess playing time. Significantly
greater distances per minute for MUF and PIV cadeavith greater cruising and striding

distances covered per minute. Sprint performangelbeanfluenced by pitch position,
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whereby OB are offered larger areas of space witiciwto develop forward locomotion.
In contrast, PIV and the forward groups are mostro€loser to the opposition gain line
and so the capacity to generate high speed igGassbett et al., 2014). It is also possible
that the forwards are typically slower than badWgi( et al., 2001), thus preventing the
attainment of an arbitrary sprint category (>5.5Hhwith the same ease, and could
explain why OB recorded significantly greater pspkeds in this study than the forwards

groups.

The lower number of absolute and per minute cafoethe PIV is expected, given that
hookers usually pick up and pass the ball on gaetnate from the play the ball. The
halfbacks are used mainly to pass and kick therbtier than perform carries into the
opposition defensive line. The absolute and peuteinumber of tackles for the PIV is
mainly attributable to the hooker who defends i ¢bntre of the field with the MUF in

anticipation of being required as a playmaker & biall is turned over (Gabbett, 2005b).

The greater number of collisions per minute (afassequent periods of wrestle) combined
with a greater overall distance covered per micotdributed to MUF experiencing a
greater internal physiological stress in termshefpercentage time spent above 95% of
HR max than other positions and supports why trosigis interchanged frequently
during games (mean time on pitch 42.8 £ 6.6 mijeGthat WRF were involved in a
similar number of total collisions it seems sometgaprising they spend the least
percentage time > 95% max HR. This may reflect tiwait total distance per minute was

the lowest (83 m.mif.

Impact data from the GPS devices revealed no dififggs in the number of impacts in
each of the four zones between positions. Thigsail®ubts regarding the use of the

current model of device to quantify collision loadRugby League. With the rapid new
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advancements in GPS technology, new models of del@m to be able to quantify
collisions during rugby match-play. Therefore fetstudies should aim to examine if this

technology can provide accurate information onablésion demands.

The study highlights significant practical applioat for the sport science support team
working within Rugby League clubs, especially foose working in the future with newly
promoted ESL sides. For newly promoted squadsvadsode, it is important to expose
players to typical HSR and collision volumes angmsities that they may expect to
encounter in games to ensure that players aretrenosigh to handle the demands of
competition. The pre-season period therefore igmibst importance to expose players to
such demands in training. Furthermore the natummoditioning work should differ
between positions. MUF and WRF should be subjetpeated high intensity
accelerations leading into, and arising from cualhs. The need to be able to withstand
approximately 35 collisions per game has significanplications for strength training
requirements on the kinetic chain. The larger naassngst these groups of players might
also be explained by the role the play. PIV needdet@able to achieve similar maximal
sprint speeds to the OB, but typically over lessatice and with less frequency, which is
indicative of a greater need of a multi-directiogpéed component within their
programme. This conforms to the interaction of leyekplay around the breakdown and
the role of halfbacks in creating line breaks dfess around them. Conditioning
programmes for OB should focus on the developmEerdgpeated prolonged sprint ability

over distances typically between 20-60 m, withssée emphasis on collision.

In conclusion, the current study has for the firsie provided a comprehensive overview
of the positional external and internal physicatechalemands for a newly established ESL
franchise and has provided preliminary evidenceéttitmHSR and collision demands are

greater for lower ranked ESL teams than higheredrikams. However, the HSR and
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collision demands are still lower than those exgresed in the NRL. The positional
differences observed provide a reference for Rugdague practitioners to follow when
designing conditioning and training regimes. Thmparison of data from training drills to
the data outlined in this study can inform coaabfesewly promoted sides if they are

adequately preparing their players for the physiemhands of elite level competition.

Despite contributing valuable new data to the ditere, the present study is not without its
limitations, most of which are due to collectingalan the real world alongside the
movement data from the GPS being limited to one E&m. Subsequent follow-up
longitudinal studies with the same team are requimduture seasons to further our
understanding of the development of match-playtarebstablish if there is an evolution in
match-play demands with increased exposure tomigend ESL competition given the
team were granted a minimum three year licencemtirmue competing in the league

regardless of position finish.
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Chapter 5

Differences between two GPS devices for
use in team sports in measuring selected

movement demand parameters

There have recently been rapid advancements idetelopment of GPS devices used to
track player movements in team sports. In ordeotkect longitudinal data over multiple
seasons, teams are likely to change the GPS eguigmemg used in order to keep up with
the latest advancements. As such, in this thesisltfferent models of GPS device are
used as the thesis progresses. The only directaisop between the devices was required
for two selected movement parameters in Chapteniéhahave been identified in the
literature as showing a relationship with team @eniance. Therefore the aim of this
agreement study was to examine if there were digreinces between the two models of
unit to measure the total distance and the distaacered at high-speed (> 5.0 i).in

relation to specific analytical goals.
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5.1 Introduction

The importance of collecting and analysing the nmoset demand data of team sport
athletes during training sessions and matches d&s déstablished (Coutts, Quinn,
Hocking, Castagna, & Rampinini, 2010; Di Salvolet2007; Sirotic et al., 2009). In
addition, movement demand parameters such astddalistance and the distance covered
whilst performing HSR have shown a relationshiphi® match performance of teams
(Johnston et al., 2012a; Rampinini, Impellizzeast@gna, Coultts, & Wisloff, 2009). As a
result, the instruments that are used to measuitedata need to be valid and reliable.
GPS units are currently being used by professispaiting teams to collect movement
data from their players because of the ease ofatdiection and the quality of analysis
provided (Aughey, 2011; Gabbett et al., 2012; Jumest al., 2012a), and so the validity
and reliability of these units is of primary impamte. There have recently been rapid
technological advancements in the GPS devicestosedck players movements, and in
order for longitudinal data to be collected acnosstiple seasons teams are likely to
switch to newer devices in order to keep up withltitest developments. Therefore, the

level of agreement between devices when teams dohsglevices is vital to establish.

Previous research has concluded that 10 Hz andWitHZL5 Hz interpolation GPS
devices have an acceptable level of validity ahdb#ity for assessing total distance and
movement demands up to speeds of 5.5'filshnston, Watsford, et al., 2014; Portas et
al., 2010; Randers et al., 2010; Varley et al.,.2®0aldron, Worsfold, et al., 2011}t has
also been shown specifically that there are nedifices between the 5 Hz with 15 Hz
interpolation device used in this thesis (GPSpBR&Pro Xll) and a 10 Hz device
(Catapult MinimaxX) when comparing total distancel @istance covered whilst
performing HSR (between 3.8 and 5.5 ™.&lohnston, Watsford, et al., 2014). Whilst this

suggests the two devices used in this thesis qmitkhtially be used interchangeably to
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assess such movement demands, it was vital torpedmnilar tests specifically for the
devices that will be used throughout this thesihesettings that they will primarily be

used.

The statistical philosophy for assessing agreefeiwteen two measurements can be
considered to be different from that surroundingtésting of research hypotheses
(Altman, 1990; Morrow & Jackson, 1993). The two gmments of measurement error are
systematic bias (general trend for measuremertis thfferent in a particular direction,
either positive or negative) and random error a@uleiological or mechanical variation.
These errors should be meaningfully quantifiedttiersport scientist to relate the
described error to judgements regarding analygoals, i.e. the requirements of the
measurement tool for effective practical use (Agkim & Nevill, 1998). The data from
Chapter 4 has revealed there were differences betpesitions for the total distance and
HSR distance covered. These parameters have asmgb differ between games that are
won and lost at the elite level (Gabbett, 2013u4., this information can be used to
develop specific analytical goals which can theruged as an appropriate level for

determining measurement error.

Therefore the aim of this pilot study was to exaairthere were any differences between
the two models of unit to measure the total distaanad the distance covered at high-speed

(> 5.0 m.8) during Rugby League specific training in relattorspecific analytical goals.
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5.2 Methods
5.2.1 Participants

Two players from a North West based ESL club (aye 2 years; height 180 £ 4 cm;
body mass 87 + 8 kg) took part in the study. Butticipants were members of the first

team squad, and were fit and injury free duringtésting period.

5.2.2. Procedures

The participants wore both models of unit simultarsdy as described in Chapter 3 and in
Figure 3.1. The process of switching on units ammrdoading data was as described in
Chapter 3. The participants wore the units durgrgteam training sessions during the in-
season period of the 2013 ESL season. The coastaffgat the club provided input into
the design and content of the sessions. The sessiene typically between 50 and 100
minutes in length and consisted of a warm up leathé clubs’ strength and conditioning
coach, Rugby League specific skills (catching aassmg, tackling technique, support

play, defensive line speed and shape, and balfadrand conditioning games.

5.2.3 Variables

The total distance and distance covered at higadsfe5.0 m.3) were compared between
the two different models of device. These were algressed per minute of training time.
Whilst Chapter 4 provided a comprehensive ovenoéa multitude of distance and
velocity parameters during match-play, the curgtatly only aims to examine the two

aforementioned due to their importance in detenngimhatch outcome (Black & Gabbett,
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2014; Gabbett, 2013b, 2014a; Hulin & Gabbett, 204Hjn et al., 2014), and will be

examined in future chapters of this thesis.

5.2.5 Statistical Analysis

Relative Reliability:

The strength of the relationship between the tvieidint devices was analysed according
to the methods of Hopkins (2015) to produce a$gacorrelation score using a
spreadsheet. A correlation system of trivial (0sdall (0.1), moderate (0.3), large (0.5),
very large (0.7), nearly perfect (0.9), and per{édd) scores were used (Hopkins, 2000).
Differences between units were further assessew) @spaired t-test. The paired t-test was

carried out using SPSS version 21.

Absolute Reliability:

The typical error between units was calculatedexpitessed as a CV%. The CV% was
calculated by dividing the SD of the data by theamand multiplying by 100 (Atkinson &
Nevill, 1998). Values were then interpreted irateln to specific analytical goals,
developed using the positional data from Chaptand,in relation to winning and losing
games in the NRL (Gabbett, 2013b). Positional fata Chapter 4 for the parameters to

be investigated in this study expressed “per minarte outlined in Table 5.1.
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Table 5.1: Total distance per minute and HSR distance peutaifor positional groups in

Chapter 4.
Positional Group Total distance per minute HSR per minute

(m.min™) (m.min%)

OB 84 7.1

PIV 90 6.2

MUF 91 5.9

WRF 83 5.9
Average (SD) 87 (4) 6.3 (0.6)

CV% 4.7 9.1

Data for the total distance covered per minute,ld8& per minute in games that were

won and lost in the NRL (Gabbett, 2013b) are showhable 5.2.

Table 5.2: Total distance per minute and HSR distance peutaifor games that are won

and lost in the NRL. Data reproduced from (Gabl2€11,3b).

Match Outcome Total distance per minute HSR per minute
(m.min™%) (m.min)
Win 107.9 5.0
Loss 100.5 5.7
Average (SD) 104.2 (5.2) 5.4 (0.5)
Difference 7.4 0.7
CV% 5.0 9.3
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The level of variability between positions as esgel by the CV% was shown to be 4.7%
for total distance per minute, and 9.1% for HSRagtise per minute. The absolute
difference (bias) between winning and losing wasshto be 7.4 m.minfor total

distance per minute and 0.7 m.fifor HSR distance per minute. Collectively, theagad
provide references towards analytical goals foaoropriate level of measurement error

in the current study.

The data between devices was further examined @Bamgl-Altman method (Bland &
Altman, 1986). Bias (mean error) and limits ofegnent (LoA) are presented for each
movement parameter. LOA was calculated as the atdrakviation of the mean
differences between the devices, multiplied by 1®@&phical interpretation was

conducted according to recommended methods (BlaAtt&an, 1986).

5.3 Results

Data from the ten training sessions are outlineBaible 5.3 and are presented as an
average for both participants. Over the coursestirig a mean of 9 satellites were

available for signal transmission (range 8-11)iakqa up by the GPSports device.

Relative Reliability:

For both variables nearly perfect correlations wadrserved (total distance r = 0.99; HSR r
= 0.99). There were no significant differences lestwthe two models of device for total

distance (P = 0.96), or HSR distance (P = 0.93).
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Absolute Reliability:

The CV% revealed low typical errors between uniis) 0.8 % for total distance and total
distance per minute, and 2.2 % for HSR distanceH®id distance per minute. The Bland
Altman LoA for total distance and HSR distance @nesented in Figure 5.1. For total
distance the mean bias (95% LoA) was -18.9 m (8.id73.8 m). For HSR the mean bias
(95% LoA) was 1.3 m (-18.5 m to 21.0 m). When egpesl per minute, the mean bias
(95% LoA) was -0.29 m.mih(-1.6 m to 1.01 m.mif) for total distance, and 0.01 m.riin

(-0.27 to 0.29 m.min) for HSR distance.

Table 5.3: Total distance and HSR distance measured by thenedels of device for two

participants over ten Rugby League training sessiData presented as mean (SD).

Movement Statsports GPSports p Pearson’s CV

demands r (%)
Total distance (m’ 3789.6 (1291.3) 3770.7 (1308.3) 0.96 0.99 0.8
HSR distance (m) 280.6 (211.0) 281.9(209.4) 0.93 0.99 2.2

Total distance pel
minute (m.mirt) 50.1 (11.7) 49.9 (11.9) 0.95 0.99 0.8
HSR distance per

minute (m.mift) 40(3.1) 40(32) 093  0.99 2.2
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b)

Figure 5.1: Bland-Altman plots determining the difference bed¢wehe two models of

GPS device for measuring a) total distance; b) bjgged distance.
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5.4 Discussion

The aim of this agreement study was to establigifférences existed between two current
commercially available GPS athlete tracking devioameasuring the selected movement
demand parameters of total distance and HSR distdine data demonstrated there were
no significant differences, low typical errors attbng correlations between the devices
for the variables under investigation. Furthermdne,measurement error between devices
was shown to be lower than the variation shown betwpositions from the data obtained
in Chapter 4, and the bias (and range betweendh¢ hetween devices was shown to be
lower than the differences reported between winaimg losing games. Collectively this
data shows that the two models of device can be inserchangeably to assess the

selected movement demand variables outlined icdiheent study.

The Pearson’s correlation coefficient has beemtbst common technique for assessing
reliability (Atkinson & Nevill, 1998). The idea betd this approach is that if a high (>0.8)
correlation is obtained, the equipment is deemdsktsufficiently reliable (Coolican,
2009), which is the case for both of the parametessstigated in this current study.
However, Bland and Altman (1986) considered theaisbe correlation coefficient as
being inappropriate, since it cannot, on its ovasess systematic bias and it depends

greatly on the range of values in the sample (Balieang, Dufek, & Chen, 1996).

As such, a paired t-test was used in this studgssess whether there is any statistically
significant bias between the tests. Although it wegsorted that there were no significant
differences between devices for either of the patams, Bland and Altman (1986) have
stressed caution needs to be taken in the intetpretof a paired t-test to assess reliability,
since the detection of a significant differencactually dependent on the amount of

random variation between tests. Specifically, @thare large amounts of random error
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between the tests, significant systematic biasles likely to be detected (Atkinson &
Nevill, 1998). To overcome this, Bland-Altman pletsre used to provide a visual
representation of systematic bias and random dngpection of the plots revealed no
trend for systematic bias in favour of either devior both parameters, with the error
between devices remaining consistent as the mahsalhages increased. When expressed
per minute, the bias values between devices warsiderably lower than the differences
reported between winning and losing games. Furtbegrthe range between the LoA for
both parameters expressed per minute are also tbaerthe differences between winning
and losing games. The CV% reported in the curremwlysfor both parameters are also
lower than the analytical goals determined fromtpmsal data in Chapter 4. Thus, it can
be concluded that the measurement error betweettethees is acceptable for measuring

the total distance and HSR distance, which wilekamined in the following Chapter.

Previously it has been shown that an alternativeld QCatapult MinimaxX) and the 5 Hz
with 15 Hz interpolation devices are valid andakle for measuring total distance and
distances covered at velocities of up to 5.5 fishnston, Watsford, et al., 2014).
Furthermore the authors showed that for the paennef total distance and HSR distance
(3.3-5.5 m.g) there were no significant differences betweetdz@nd 5 Hz with 15 Hz
interpolation devices (Johnston, Watsford, et28114), thus in agreement with the current
study. This questions the benefits of increasimg@ig rate of 10 Hz units to 15 Hz

interpolated units.

Due to an agreement between one of the Rugby Ledghe under investigation in this
thesis and the GPS manufacturer, two different isoafeunit were used to assess player
movement demands during the writing period. Whiigt is clearly a limitation of any

study planning to utilise both models of unit, t¢a in this chapter concludes that the two

devices can be used interchangeably to asses rasaguptal distance and HSR distance.
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Therefore, this provides rationale for the useathimodels device for the analysis of
longitudinal data of the newly promoted ESL teanChapter 6. Examining trends
longitudinally would aid in the understanding thevdlopment of match-play, as there are
no published data that has examined the evolufiginygsical game performance indicators

over any longer period than a single season.
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Chapter 6

The evolution in in competitive physical
demands for a newly promoted ESL team over a

three season period

The data from Chapter 4 profiled the physical detisasf ESL competition for a newly
promoted side that finished bottom of the tabler@reentire season. Much of the previous
research examining the physical demands of Rughbgule match-play has adopted a
reductionist approach whereby physical key perforeeandicators are examined with
limited data over a small number of games. Exangitiends longitudinally would aid in
the understanding the development of match-playredtly there are no published data
that has examined the evolution of physical ganteopeance indicators over any longer
period than a single season. Therefore, the aitiheo€urrent study was to examine
parameters relating to the physical intensity ofainglay for a newly promoted ESL
franchise longitudinally over a three season peridhis study has been published by
Science and Medicine in Football, available onkhe

https://doi.org/10.1080/24733938.2018.1462502
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6.1 Introduction

There is conflicting evidence relating to differesdn the physical intensity of match-play
between successful and less successful Rugby Leagoms. In a study of one elite NRL
team, it was shown that competitive success waseted with the ability to maintain a
higher running intensity in terms of the total drste covered per minute (Gabbett, 2013b).
Such findings have been confirmed by others whestigated match intensities between
successful and less successful southern hemispbegrieelite Rugby League teams (Black
& Gabbett, 2014). Another study of semi-elite teamthe same competition has shown
that top four ranked sides perform more sprintmantbottom four ranked sides (Gabbett,
2014a). However, more recent evidence comparingragpelite NRL teams with high and
low success rates demonstrated that greater rumridoads were not indicative of
success, and that teams with higher success ratesinvolved in a greater number of

collisions (Hulin et al., 2014). No such data hasrbexamined in the ESL competition.

The data from Chapter 4 has shown that for a nevdynoted ESL side finishing bottom
of the table, the distance covered per minute wasi than reported previously for higher
ranked teams, however, the HSR distance (> 5.0)mer minute were substantially
higher. The number of collision involvements (asklkshed from Opta data) was also
significantly greater for the newly promoted teaompared with their opposition over the
course of the season. Such findings have signifigartinent and practical implications for
the conditioning staff of newly promoted teams gitleat the ESL competition has just re-
introduced promotion and relegation for the 201&see after operating on a licensing
franchise system for the past six seasons. Coasthafigonly have a short time to prepare
players (some of whom may be part-time professgimathe league below) for the
increased demands of ESL competition. What is notwa currently is if there is an

evolution in competitive physical demands with gased full-time training and ESL
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competition exposure for newly promoted teams utiie2ESL franchise system and if it

is possible to get up to speed with the rest ofgeiition in a three year licence period.

Much of the research examining the physical demahéigby League match-play has
adopted a reductionist approach whereby physicabdes are examined with limited data
over a small number of games. Examining trendsitodopally would aid in

understanding the development of Rugby League matoh There is evidence in soccer
which shows the physical demands of the game hareased substantially over a seven
season period (Barnes et al., 2014; Bush et dl5)2Mndeed there is no study which has
examined the evolution of Rugby League game pedona indicators over any longer
period than a single season. Therefore the aiheo€airrent study was to examine
parameters relating to the physical intensity ofainglay for a newly promoted ESL
franchise longitudinally over a three season pefaid 2 — 2014). It was hypothesised that
there would be an increase in the physical intgrditnatch-play (total distance per
minute, high-speed distance per minute, and nuwibesllisions per minute) over this

time period with increased exposure to full tinrernmg and experience of ESL

competition.

6.2 Methods

6.2.1 Participants

Forty-two male elite Rugby League players (mearbiafe 26 + 4 years; height 183 £ 6
cm; body mass 96 = 7 kg) from the same English &6k were originally considered to
participate in the study. Players (n=22) who ditiparticipate in the 3 complete seasons

were excluded from statistical analysis, and tlogeeé total of 20 players (mean = SD age
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25 + 3 years; height 184 + 7 cm; body mass 96 ¢)6uere examined. The percentage
turnover of the squad, total number of match apgeaas for the players’ analysed, and
total number of these appearances expressed asemfage of the total possible match
appearances are shown in Table 6.1. In additi@xamining means for the squad, players
were also sub-categorised into the positional ggdapphysical data as outlined in
Chapter 3 (OB, n=6; PIV, n=5; MUF, n=5; WRF, n=§pecific differences between
positions were not specifically investigated irstetudy as these have been previously
reported in Chapter 4; the aim rather was to exarhow the demands changed over the

three season period.

Table 6.1:Percentage turnover and match appearances folayerg examined over the

three seasons.

Season Percentage turnover Total match Match appearances for
of squad from appearances for the players examined as a

previous season players examined (Out percentage of the total

of a possible 459) possible appearances
2012 360 78%
2013 24% 345 75%
2014 27% 330 72%

6.2.2 Procedures

Player's movement activities were examined using@puring every game in the 2012
season, and for the first 16 games in the 2013seatayers wore an individual GPS
device (SPI Pro Xll, GPSports, Canberra, Austramjn Chapter 3. For the final 11

games in the 2013 season and during every game 2014 season, players wore a GPS
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unit (Viper, Statsports, Co. Down, Ireland) as diésel in Chapter 3. The different GPS
device was introduced at this point in time dua taanufacturer deal with the club under
investigation. The GPS units were worn by playera custom designed vest. A standard
tightly fitting squad shirt was worn over the tadptlee vest. Although the change in device
is acknowledged as being a limitation, the datenf@hapter 5 has provided evidence that
both models of GPS device can be used interchahgealssess the total distance and
HSR distance (> 5.0 mi‘s Furthermore, such challenges exist when cohigcti
longitudinal data in the real world where new temlbgy is continually being developed
for use by elite teams. The procedure for switcluinglevices and downloading data was
as in those outlined in Chapter 3. All official E§ames were examined (27 rounds of
games per season) over three consecutive seagshsghson: 2012; second season: 2013;

third season: 2014).

6.2.3 Variables

The process of determining time on pitch was asrde=d in Chapter 3. Movement
variables consisted of the total distance covesrdhpnute of time on pitch, and the total
distance covered at high speed (> 5.0%nper minute of time on pitch. Expressing these
values “per minute” allows any differences as alltesf longer or shorter game durations
to be removed (Burgess, Naughton, & Norton, 20B6ithermore the approach of
expressing movement variables per minute for desiteggum over three consecutive
seasons has been used previously when profilintakan Serie A soccer team (Vigne et
al., 2013) in a study similar in nature to the euatrinvestigation. Information on collisions

was provided by Opta as described in Chapter 3.
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Additional Opta data were included to contextualisephysical demands in terms of on-
field performances over the three season periodsddata included the mean time that
the “ball was in play”, the mean time in possessbthe ball for the team under
investigation and opposition sides, the mean nurobkme breaks per game (irrespective
of team, for the team under investigation, and sgfmnm sides), the mean number of
penalties conceded per game (irrespective of teamnthe team under investigation, and
opposition sides), and the mean tackle successmeaige per game (for the team under

investigation).

6.2.4 Statistical Analysis

Before using parametric statistical proceduresagsimptions of normality and sphericity
were verified using the Shapiro-Wilk and Mauchlegttrespectively All parametric
statistical analyses were performed using SPS$ove?d. Repeated measures ANOVAs
were performed to assess differences between seasirere a significant main effect was
observed, post-hoc Tukey HSD tests were conduotatentify the location of the
differences. Statistical significance was sd® &t0.05 throughout. To adopt a practical
approach, differences between seasons were algsetaising Cohen’s ES statistic. ES
were categorised as trivial (<0.2) small (0.2-On6pderate (0.6-1.2), large (1.2-2.0), and

very large (>2.0) (Hopkins et al., 2009).

6.3 Results

Table 6.2 shows a summary of the newly promoteichteleague record over the three

seasonsThere were no differences between seasons fomgdiynes (P = 0.227) (Table
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6.3). There was a significant increase in the total distacovered per minute over the
three seasons (P = 0.001). Specifically there wasge increase between 2012 (87.0
m.min%) and 2013 (91.3 m.mi) (P = 0.005; ES = 1.6) and a very large increesm f
2013 to 2014 (96.6 m.mim (P = 0.001; ES = 2.0), resulting in players cawgon
average 11% more total distance when comparing 280682014 (P = 0.001; ES = 4.0)

(Table 6.3).

Table 6.2: A summary of the newly promoted team’s league rkower the three season

period.
Season Played Won Drawn Lost League Position
Finish (Out of 14)
2012 27 6 0 21 14
2013 27 10 2 15 10
2014 27 13 1 13 8*

*Qualified for post-season play off finals

The HSR distance covered per minute increasedtbedahree seasons (P = 0.002) with
only moderate increases between both 2012 (6.3m)rand 2013 (7.4 m.mif) (P =
0.081; ES = 0.9) and 2013 to 2014 (8.1 m:WifP = 0.237; ES = 1.1). This however
resulted in a very large increase when compariri@ 2td 2014 (P = 0.002; ES = 2.0),
resulting in players covering around 28% more H&®adce over this period. MUF were
the only positional group not to show a significantrease in HSR across seasons,

covering 5.9 m.mitl in 2012 and 6.6 m.mihin 2014 (P = 0.569; ES = 0.5) (Table 6.3).

Players performed a significantly greater numbezadlisions over the three seasons (P =
0.001). Only a small increase was observed bet@8#8 (0.43 no.mif) and 2013 (0.44

no.min%) (P = 0.709; ES = 0.2), however there was a \amyel increase when comparing
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2013 and 2014 (0.53 no.min(P = 0.001; ES = 2.5) and 2012 and 2014 (P =10.B6 =
2.1), which resulted in players performing approxtety 23% more collisions in 2014

when compared with 2012 (Table 6.3).

Table 6.4 shows Opta data over the three seasbrge@m showed a moderate increase in
the number of points they scored per game when adngp2012 (20) to 2014 (29) (P =
0.026; ES = 0.7), and a large reduction in the remolb points opposition sides scored per
game when comparing over the same period (frono£&1} (P = 0.001; ES = 1.2) and
between 2013 (33) and 2014 (P = 0.014; ES = 0®@spective of team, the total number
of points scored per game was lower in 2014 (4®)pared with 2012 (60) (P = 0.039, ES
= 0.7). The ball was in play longer in 2014 (51c7#®) than compared with both 2012
(48.63 min) (P = 0.004; ES =0.9) and 2013 (49.1®) 1f° = 0.023; ES = 0.7), attributable
to opposition sides spending longer in ball poseada 2014 (26.66 min) than in 2013
(24.41 min) (P = 0.003; ES = 0.8). Irrespectivéeaim, the number of penalties per game
was lower in 2014 (13) than 2012 (17) (P = 0.0087E1.0), attributable to the team under
investigation reducing the number of penalties tt@yceded in 2014 (6) compared with
2012 (9) (P =0.001; ES = 1.1). There was a redndti the number of line breaks per
game irrespective of team from 2012 (15) to 201 (P = 0.017; ES = 0.8), attributable
to opposition sides making less line breaks peregen2014 (7) than 2012 (10) (P =
0.003; ES = 1.0). The team under investigationeased their tackle success percentage
per game from 90% in 2012 to 92% in 2013 (P = 0.@&®3= 0.7) with this remaining at

92% in 2014.
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Table 6.3: Physical demand data over the three season p&atd.presented as mean

(SD).
2012 2013 2014
Outside backs
Playing Time (Min) 86.7 (3.4) 83.0 (4.71) 84.1 ®).0
Total distance (M.min) 83.6 (2.8) 86.2 (4.21)* 91.1 (3.41)*
HSR (M.min%) 7.1 (1.4) 8.6 (1.7) 9.2 (1.4)*
Collisions (no.mit) 0.23(0.04) 0.26 (0.03) * 0.32 (0.05) * t
Pivots
Playing Time (Min) 72.8 (10.6) 72.3 (9.04) 71.663).
Total distance (M.min) 90.2 (3.3) 94.1 (2.68) * 98.9 (2.85) * t
HSR (M.min%) 6.2 (1.6) 7.4 (0.9) 8.0 (1.0) *
Collisions (no.mit) 0.31 (0.04) 0.33 (0.05) 0.37 (0.05) * T
Middle Unit Forwards
Playing Time (Min) 47.8 (6.6) 455 (2.72) 48.0 @1
Total distance (M.min) 90.8 (2.2) 93.0 (5.26) * 100.3 (3.87) *
HSR (M.min%) 5.9 (1.4) 6.1 (1.37) 6.6 (1.00)
Collisions (no.mit) 0.72 (0.13) 0.75 (0.09) 0.88 (0.1) *
Wide Running Forwards
Playing Time (Min) 77.0 (9.0) 72.0 (3.4) 72.42 (Ip.
Total distance (M.mih) 83.4 (2.4) 91.9(3.0) * 95.9 (6.3) *
HSR (M.min%) 5.9 (1.4) 7.4 (0.81) 7.9 (1.22)*
Collisions (no.mift) 0.46 (0.07) 0.42 (0.09) 0.55(0.09) *
Mean
Playing Time (Min) 71.0 (3.8) 68.2 (2.7) 69.0 (3.8)
Total Distance (M.mif)  87.0 (2.4) 91.3(3.0) * 96.6 (2.4) *
HSR (M.min%) 6.3 (1.3) 7.4 (0.9) 8.1 (0.5) *
Collisions (no.mift) 0.43 (0.05) 0.44 (0.03) 0.53(0.04) *

*Significantly different to 2012 (P<0.05)
tSignificantly different to 2013 (P<0.05)
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Table 6.4:Opta data over the three season period. Data pegsas mean (SD).

2012 2013 2014
Total points scored per game 60 (13) 57 (17) 49 (15) *
(irrespective of team)
Team under investigation points 20 (13) 23 (11) 29 (14) *
scored per game
Team under investigation points 40 (18) 33 (17) 21 (13) * ¢t

conceded per game

Time that the ball was in play 48.63 (3.47) 49.19 (3.90) 51.79 (3.24) * t

(min)
Team under investigation  23.42 (3.12) 24.78 (3.29) 25.13 (2.84)
possession Time (min)
Opposition possession time 25.21 (2.57) 24.41 (2.00) 26.66 (2.60) t

(min)
Penalty count per game 17 (3) 14 (3) 13(5)*
(irrespective of team)
Team under investigation 9 (3) 7(2)* 6 (3)*
penalty count (against) per game
Opposition penalty count 7 (2) 7(2) 6 (3)

(against) per game

Line breaks per game 15 (4) 15 (4) 124)*t
(irrespective of team)
Team under investigation line 5 (3) 7(2) 5 (3)

breaks per game
Opposition line breaks per game 10 (4) 8 (4) 7(3)*

Team under investigation tackle
success percentage per game 90% (2%) 92% (3%) * 92% (2%) *

*Significantly different to 2012 (P<0.05)
tSignificantly different to 2013 (P<0.05)
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6.4 Discussion

The aim of the study was to be the first to exantiephysical intensity of match-play
over a consecutive three season period for a ngreinoted ESL franchise. Across the
three seasons there was a significant increaseitotal distance covered per minute, and
number of collisions performed per minute. Thers @&iso an increase in the HSR
distance per minute for all positions except MUReSe data collectively highlight that
there was an increase in the physical intensitpatich-play. This data also highlights the
need for newly promoted teams to have the chanbe tble to develop and adapt to the
demands of ESL competition over time, which is dipent issue given the recent re-

introduction of promotion and relegation.

No differences for playing times for positions otlee three seasons indicates the tactical
approach to interchanges remained consistent,raneases in physical intensity measures
cannot be attributed to differences in playing tifeth total and HSR distances, and
number of collisions have been previously useapreasent the physical demands of
Rugby League match-play, with all three measuresgdbeen shown to differentiate
between successful and less successful teams (G2di8b, 2014a; Hulin et al., 2014).
The findings of the present study may suggestgtesdter success in the ESL competition
is reflective of increased physical demands givientéam examined demonstrated a
marked improvement in league position and thetgli lower the points conceded whilst
increasing the points scored, however more spaafiearch examining winning and

losing games is required in a greater sample of t€&ins.

The data from Chapter 4 highlighted the fact thidwoaigh the total distance covered per
minute of match-play for the newly promoted tean2@i2 was lower than previously

reported in ESL, the HSR demands were higher. Aifstgnt increase in the total distance
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covered per minute over the three season peria$sall positions in the current study
may be expected given that there was a reductitimeitotal points scored per game, total
penalty count, and increase in ball in play timectsdata highlight a reduction in game
stoppages which would increase relative movementitgdout lower recovery periods in
games. However, there was an increase for thesmollinvolvements for all positions and
HSR for all positions except MUF. This indicatesiaecreased ability to perform high

intensity activities despite fewer periods for neexy within games.

In Chapter 4, a substantial amount of HSR in thE22eason was attributed to being the
result of chasing back opposition players who hadédn the defensive line. Given that
there was a reduction in the total number of lireaks, and the number of line breaks
performed against the team, with no differencéneriumber of line breaks performed by
the team, this would suggest the increased HSRututpill have been achieved in
different ways. Potential suggestions for thisuigle an increased ability to maintain high-
speed kick chase activities, and the ability tdansunning into collision at greater
speeds over the course of match-play. From a posspecific perspective, MUF were the
only positional group not to show a significantre&se in HSR. This could be due to their
specific role in the game whereby they are notretfehe freedom of pitch position with
which to develop forward locomotion as much as ioffwsitions. Being located in the
middle of the field close to the opposition gaimelimeans their capacity to generate high-
speed is lower (Gabbett et al., 2014). It is alsssjble that forwards are typically slower
than backs (Meir et al., 2001), thus preventingatt@inment of an arbitrary HSR threshold
(>5.0 m.§") with the same ease. This highlights once againtthining acceleration over
short distances for this positional group shouke tarecedence than developing prolonged

HSR ability.
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Players in the current investigation covered 96.@im" of total distance in 2014 which is
higher than reported previously for higher rank&LEeams at 95.8 m.min(Twist et al.,
2014). Similarly players in the current investigaticovered 8.1 m.mihof HSR distance

in 2014, again higher than previously reportedhigher ranked ESL players at 6.1 m.min
! (Twist et al., 2014). It should be noted howethat the comparative data (Twist et al.,
2014) were from players competing in the 2011 seaStearly more research is needed
examining the evolution in demands for higher rahteams in the competition. If in
accordance with the current study competitive ssecerelated to greater running
intensities, (Black & Gabbett, 2014; Gabbett, 2Q13M4a)t may be in fact the top teams
in the competition are covering above and beyoedibvement demands outlined in this

investigation.

Increases for collision involvements could be htitable to the ball being in play for a
longer time over the three seasons, which woulhdieative of a greater number of
collisions due to a relative increase in playiniacover 80 minutes. A greater tackle
success percentage over the three season periladatea contribute to such increases. In
addition to displaying greater tackle success, ¢cgdns in the penalties conceded and line
breaks made against the team highlights theirtghdibetter execute technical skills,

control the ruck speed, and maintain defensiveeshiapder game induced fatigue.

Despite contributing valuable new data to the ditere, the present study is not without its
limitations, the main one being a change in GP3pageint. Whilst this is a major
limitation, such issues are part of dealing witHesziing real world data in the applied
setting and if longitudinal data are to be studesains are likely to switch GPS equipment
over time to keep up with the latest developmemthié technology. Pilot data from
Chapter 5 has revealed there were good levelsretagent between the two models of

device for the movement variables to be used mghidy. Furthermore, when considering

98



the analytical goals in Chapter 5, the increaseonement demands in the current study
are larger than the CV% and range between the Ld#e data is also limited to one ESL
team, which makes league wide generalisationscdlffiln conclusion, this study has
shown that there is an increase in physical mattensity of ESL competition for a newly
promoted team over a three season period. Coaoldesoaditioning staff need to be
aware of the recent developments in match-playhagidights the importance of being

able to continually monitor physical match outpiatse-evaluate positional data.

Secondly, the study shows that newly promoted teaed time to develop and adapt to
the increasing demands of ESL competition. Thaspertinent issue for those responsible
for organising the league structure given the receimtroduction of promotion and
relegation. With the current structure, newly proeaoteams will not have the chance to
plan and develop over the long term. Given thatip@nomoted teams may be greatly
under resourced compared to teams who have begpetiognin the competition for a long
time, this could potentially lead to teams spendiagr their means to attract the players
required to keep them in the competition rathentfogussing on long term player

development.

Whilst in Chapter 4 and in the current chapter,dbiéision demands of ESL match-play
have been profiled, there is a paucity of literateixamining these when compared to the
movement demands. Part of the reason for such m#ygitime consuming and labour
intensive process of manually examining retrospectideo footage for large numbers of
players. A system that operates in real time or éaliste post-event system that could
automatically identify collisions would be beneéitto provide information that could be
used to give practical guidance on training loddeerefore, there is a clear need for a
system that can both automatically and accuratelgitor collision counts and their

intensity during games and training.
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Chapter 7

The ability of a GPS device for use in team
sports to automatically detect collisions

during Rugby League match-play

Although Chapters 4 and 6 have profiled the cahsiemands of ESL match-play, data
examining such demands are less evident in thatitee when compared to the movement
demands. This may be due to the time consumindadnadir intensive process of manually
examining retrospective video footage to assesauh#er of collisions players have been
exposed to. With the introduction of accelerometgysoscopes, and magnetometers into

the modern GPS devices, the automatic detectiaolb$ion events is now a possibility,

however such technology needs to be validated édfeing considered fit for purpose.
Therefore the purpose of the study was to exanhithe iStatsports GPS device could
automatically detect the number of physical cadis during ESL match-play compared

with those manually coded from video footage.
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7.1 Introduction

As a result of the multiple physical collisions y#as are exposed to over the course of an
80 minute match, musculoskeletal injuries are exélg common (Gabbett et al., 2011).
However success in the game also depends on tg@ifity, the ability to withstand
physical collisions and the ability to “win” theclde contest (Gabbett, 2013c).
Consequently, tackling is one of the most practslalis in Rugby League as the ability or
inability to effectively perform tackles may prowstical to the outcome of the game

(Gabbett, 2013c).

Inconsistency in language appears in the literatutte the terms “tackle” and “collision”
sometimes used interchangeably, despite tackleg laesubset of collisions (Kelly et al.,
2012). Their differentiation is important as themher of tackles is more of a tactical
performance indicator, while monitoring the numbgoverall collisions gives a greater
understanding of the physical demands imposed asdhfplications for injury risk
(Gabbett et al., 2010), muscle damage (McLellaad.eR010), recovery (Oxendale et al.,
2016), and training load implications (Gabbettlet2010; Gabbett et al., 2011, 2012).
Historically, the number of collisions during matplay have been identified
retrospectively using video replays (King et al092; Sirotic et al., 2009; Sykes et al.,
2009). However, the manual coding of collisionsyireideo footage is labour intensive,
taking club video analysts and sport scientistsc@rable time to analyse such data. A
real-time or immediate post-event system that cautldmatically identify collisions

would be beneficial to provide information that twbe used to give practical guidance on
training loads and even tactical substitutions.réfeee, there is a clear need for a system
that can both automatically and accurately moraahisions and their associated intensity

in games and training.
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Commercially available wearable tracking devicegehaeen developed for use in field
based team sports and are typically worn by athletetheir upper back in a sports vest
(Kelly et al., 2012). Such devices typically contgiobal positioning system (GPS)
technologies which have been used to determineutiréng demands of Rugby League
match-play, e.g. Chapter 4 and others (Austin &Ke&l013; Twist et al., 2014; Waldron,
Twist, et al., 2011). The devices also contain roeneters, gyroscopes and
magnetometers making it possible to measure aetieles associated with sporting
movements, including physical collisions in contsbrts (Gabbett et al., 2010; Gastin et
al., 2013; Kelly et al., 2012) and potentially pidera less labour intensive method to

investigate the collision demands of the sport tledrospective video analysis.

Catapult MinimaxX S4 GPS devices are reported telzagood validity for measuring
collision events in various tackling bag, bump laag one on one tackle drills compared
with video-based analysis, using both raw and shexbtlata (CV 9-15%) (Wundersitz et
al., 2015). GPSports devices have traditionallyrega the level of impacts measured in
G force, and have shown to have a poor relationstilptackles and ball carries in Rugby
League (McLellan et al., 2011a), which is confirntgdthe findings from Chapter 4. A
number of studies from varying collision-based sp@hustralian Football, Rugby Union,
and Rugby League) have attempted to quantify eoflisvents using both microsensor
technology and video-based notational analysis (@uns & Orr, 2015; Gabbett, 2013c;
Gastin et al., 2013; McLellan et al., 2011a). Aligb reporting impacts in G may have
limitations in accurately quantifying collisiong) algorithm has been developed which
employs static window features and a mathematinileg@ grid to detect collision events
using the tri-axial accelerometer in the GPSpogtgaks when used in Rugby Union
(Kelly et al., 2012). The Catapult MinimaxX devicas been shown to successfully detect

collisions in Rugby League (Gabbett et al., 2020 ollision detection algorithm was used
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to detect collision events. Analysis of 237 cotlisievents from 21 training sessions and a
single trial game showed no significant differenaad strong correlations between the
total number, number of mild, moderate, and healystons detected by the device and
those subjectively coded from video footage, howéveas been shown that the frequency
and intensity of collisions during training is fawer than those experienced during

competition (Gabbett et al., 2012), thus limitihgststudy.

Further work has shown that the same GPS devicalgodthm was unable to detect
collisions in Australian Rules Football, with a 7&uccess rate (Gastin et al., 2014),
however unlike in previous work (Gabbett et al.1@pall of the collisions analysed were
from competitive games. The less successful detesin Australian Rules Football were
suggested to be due to the differences in tackbamhycs between the sports. The device
was more sensitive in detecting tackles again$oj®an tackles made (66%) (Gastin et
al., 2014). More recently, it has been shown thatautomated collision detection system
in GPSports devices has only modest utility in Rug§kvens, especially for female
players’ (Clarke et al., 2016). Collectively, théswlings show that to allow the detection
of a range of collision events within collision sfgorequires sophisticated sport and event-
specific algorithms, and until these are furthdéinesl and validated the use of
microtechnology data is best when used in comhonatiith other technologies such as
video coding. The Catapult S5 device has been stiowarrectly identify 97.6% of
collision events during Rugby League match-playlifHet al., 2017), and that the error of
the device is associated with not reporting a siolfi event when a collision does not

occur.

The Statsports Viper athlete tracking device is modely used amongst elite level ESL
Rugby League teams to measure player’s activiig¢saining and competition. The

manufacturers of the device have developed a mildetection algorithm for use in
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Rugby Union. However, is it unknown whether thentemlogy could be successful in
automatically detecting collisions in Rugby Leaggieen the laws of Rugby League differ
to those of Rugby Union and Rugby Sevens pertaitarige breakdown of tackles (i.e.
formation of rucks) (Hogarth, Burkett, & McKean,18). Therefore, the aim of this study
was to examine if a currently commercially avaitabthlete tracking device (Statsports
Viper) could automatically detect the number of gibgl collisions during Rugby League

match-play compared with those manually coded fvaieo footage.

7.2 Methods

7.2.1 Participants

Seventeen elite male (age 25.4 + 3.2y, height£.8D4 m, mass 97.1 = 9.0 kg) players
who all played for the same ESL club during the26&ason were included in the study.
Testing took place over one game that all seventgers participated in during a regular

season game in the 2014 season.

7.2.2 Procedures

A cross-validation approach was used to evaluaettectiveness of a wearable athlete
tracking device (Statsports Viper, Ireland, 10 H2SGtri-axial 100 Hz accelerometer) to
automatically detect the total number of collisiahsing ESL match-play. Video
observation of coded collisions during match-plaswonsidered the criterion measure,
and collisions that were automatically recordedav@ollision detection algorithm within
the Statsports Viper software were compared toetlcosled from video observations. For

a collision to be detected by the algorithm, a cioration of the magnitude of all three
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acceleration vectors (x, y, and z) must recorchatantaneous impact of above 8 G
(personal communications with Statsports). Thigpbed with the duration of the event is
taken into account before the algorithm decidestidreo register a collision or not. The
speed of the player into the collision, and ingarbus initial impact is also factored in to
produce a “collision load” score, however this paeter is not specifically investigated in
the current study as it was determined that inrai@&alidate this metric would require
further work using three dimensional motion analysia laboratory setting. Further
information specifically relating to the collisialetection algorithm has not been published
and these remain proprietary, however the presedy $s able to be replicated as the
software and devices are commercially availablshdéiuld be stressed that the algorithm

underwent most of its development to detect coltisiin Rugby Union.

The process for manually coding collisions fromeadootage is outlined in Chapter 3.
Manually coded collisions were matched with the<starts data to determine if a collision
had been detected. The process was then effectendysed with all automatically

detected collision events from the Statsports asveaompared with the video footage to
assess whether the collision events identifiechieydevices were collisions, other high-
impact events or simply other events incorrectligdied. This approach provided an
assessment of the number and level of agreemeatémts considered as a true positive (a
microtechnology collision was detected alongsigeasaually coded collision), false

positive (a microtechnology detected collision wesorded but not associated with a
manually coded collision), and a false negativedléision was manually coded but not

recorded by the microtechnology device).

Manually coded collisions were classified as a baity, tackle, or collision off the ball.
Furthermore, tackles were subdivided further iht@¢ subsequent classifications; first

man into the tackle, second man into the tackld,thind man into the tackle. It was also
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noted whether the ball carry or tackle resultethenball carrier or tackler going to ground,
or staying upright. A repeated analysis was coretlion the sample three weeks later to
assess intra-individual test-retest reliabilityngsCohen’s Kappa statistic. The Kappa
statistic was computed using the methods outlingdhapter 3, and for all collision
categories a value of 1.0 was observed, indicgteréect agreement between the two

observations.

7.2.3 Statistical Analysis

Recall and precision were calculated accordingéwipus methods (Clarke et al., 2016;
Garraway et al., 1999; Kelly et al., 2012). Recathe ability to detect collisions with a
low number of false negatives and was calculatatie@sumber of true positives divided
by the sum of the number of true positives ancefaksgatives. Precision is the ability to
correctly detect collisions with a low number ds&positives and was calculated as the
number of true positives divided by the sum ofrthenber of true positives and false
positives. A value of 1.0 is the best outcome taat be achieved for either precision or
recall (i.e. no false positives or negatives). Auezof 0.5 would indicate that 50% of
collisions are either not captured (poor recal)ncorrectly labelled (poor precision).
Further descriptive data of absolute numbers ancepéage of total collisions, ball carries,
and tackles detected are reported. In accordartbgonavious chapters, the level of
agreement was considered against analytical gddis.CV% between positions for the
number of collisions performed per minute was shtavine 51% from the data in Chapter
4. The CV% between the number of collisions perfamer minute in games that were

won and lost was shown to be considerably low@&ai{Gabbett, 2013b).
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7.3 Results

A total of 634 collisions were manually coded dgrthe game. Of these, the Statsports
device recorded 516 true positives, 118 false meggtand 0 false positives (0.81 recall;
1.0 precision) (Table 7.1). There were 22 collisitoff the ball”, the descriptors of which

are outlined in Table 7.2.

Table 7.1:Observed GPS detected collisions, compared to atigraoded collisions for a

team of 17 players in an ESL game during the 2@a4@n.

Manually True False False Recall  Precision
coded Positive Positive  Negative
collisions (n) (n) (n) (n)
Total 634 516 0 118 0.81 1.0

collisions

Table 7.2: Counts of collisions “off the ball” with their ddion descriptors.

Collision descriptor Count
Collision with opposition player during kick chas 6
Falling on the ground for a loose ball 7
Slipping onto ground when attempting to chancg 3
direction
Attempting to tackle opposition player but missing 3

and colliding with the ground
Diving to score a try 2

Celebrating scoring a try with team mate 1
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Ball carries were more accurately detected (197203%) than tackles made (297/409 =
73%) (Table 7.3). Of the tackles manually coded,rttajority were first man tackles
(196/409). These were more accurately detected1262= 83%), than both second man

tackles (96/134 = 72%), and third man tackles (3%51%) (Table 7.4).

Table 7.3: Observed GPS detected total ball carries, totklea, ball carries to ground
and not to ground, and tackles to ground and ngtaand compared to manually coded

collisions for a team of 17 players in an ESL gatugng the 2014 season.

Manually True positive  False negative Percentage of

coded (n) (n) collisions

collisions detected

(n) correctly
Ball carries 203 197 6 97%

Tackles 409 297 112 73%
Collisions off the ball 22 22 0 100%

Ball carries to ground 171 167 4 97%
Ball carries not to ground 32 30 2 95%

Tackles to ground 374 276 98 74%
Tackles not to ground 35 21 14 65%
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Table 7.4 Observed GPS detected first man, second marthaddnan tackles compared

to those manually coded for a team of 17 playeeniESL game during the 2014 season.

Manually True positive (n)  False negative  Percentage of

coded (n) collisions
collisions detected
(n) correctly
First man tackles 196 162 34 83%
Second man tackles 134 96 38 72%
Third man tackles 79 39 40 51%

7.4 Discussion

The aim of the study was to evaluate the effectgsrof a wearable microtechnology
device to automatically detect collision eventglite Rugby League match-play. Recall of
the device (0.81), was lower than precision (®)ich highlights the error (19%)
associated with measuring collision events is eelab the ability of the device not
correctly identifying a collision. A perfect levef precision shows that there was no error
in the device for incorrectly detecting a collisievent. Ball carries were more accurately
detected (97%) than when compared to tackles (788pgcially when detecting the third
man into the tackle (51%). This data suggests ticeosensor device has the ability to
automatically detect the majority of collision et®m Rugby League match-play. Whilst
the level of error was shown to be lower than tifilei@tnces between the number of
collisions by positions reported in Chapter 4 (C¥23%% ), the level of error was shown to
be greater than the differences in the number lismms performed between winning and

losing games (CV = 1% ) (Gabbett, 2013b). Given tihe collision detection algorithm
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was originally developed for Rugby Union; this mreed refinement for use in Rugby

League, especially for detecting tackle events.

The results of the current investigation would s2gjg lower success than previous work
into detecting collisions in Rugby League (Gablkeétl., 2010) using an alternative
microtechnology device (Catapult MinimaxX). No siggant differences and strong
correlations between the collisions detected byGampult MinimaxX device and those
coded from video footage were reported (Gabbeit. e2010). However this approach
failed to take into consideration undetected taklled false detections. The majority of
collisions in the previous study (Gabbett et @)1@) were also collected in a skills training
environment, which makes comparisons to the cuirmeistigation where collisions from
competition were analysed further difficult, akdts been shown that the frequency and
intensity of collisions of those experienced inrtiiag are much lower than those in
competition (Gabbett et al., 2012). The same algarithat Gabbett and colleagues
(Gabbett et al., 2010) used was less successtidtecting tackles in Australian Football,
where 78% of tackles were detected, highlightirgribed for a sport specific algorithm.
The recall of the device in the current investigativas lower than the Catapult S5 device
in NRL Rugby League match-play (0.81 vs. 0.97); beer the precision in the current

investigation was higher (1.0 vs. 0.88) (Hulin et 2017).

The recall of the device in the current investigiativas lower than that reported for the
GPSports SPI Pro device in Rugby Union (Kelly et2012) (0.93) where an algorithm
employing static window features and a mathema#tering grid was used, however
precision in the current investigation was higHe0 (vs 0.96). Similar devices (GPSports
SPI HPU) were used to automatically detect collision men’s and women’s Rugby
Sevens (Clarke et al., 2016), with the values éoall and precision in both the men’s

(0.69; 0.73) and women'’s codes (0.45; 0.71) beorsiclerably lower than those reported
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in the current study. Clarke and colleagues ideatithat the collision detection algorithm
was developed for original use in Rugby Union, #rat the algorithm may need re-
defining for use in Rugby Sevens due to less ptalgemg on the field resulting in fewer

players being involved in each tackle.

In the current study, tackles (73%) were less ssgfally detected by the device than ball
carries (97%). It would be expected that ball esrvould produce a greater instantaneous
impact than tackles, with the speed of forward footion the ball carrier would carry into
the tackle. Given the algorithm was originally deyed for Rugby Union, the lower
tackle accuracy could also be attributable to ifferénces in Rugby League and Union
codes with regards to the definitions of tacklesRugby Union, according to the World
Rugby 2017 Laws of the game a tackle occurs whehdt carrier is held by one or more
opponents and is brought to ground. In Rugby Leathe Rugby Football League 2017
rules state a player in possession is tackled wiean held by one or more opposing
players and the ball or the hand or arm holdingoddecomes into contact with the ground.
However, the ball carrier does not necessarily ltaxgo to ground for a tackle to be
deemed complete in Rugby League. The rules fustate the ball carrier can be held
upright by one or more opposing players in sucraamar that he can make no further
progress and cannot part with the ball. This ofrseunay not lead to the criteria being
fulfilled for a collision to be detected. It may teat the instantaneous impact is not
registered on the vertical acceleration axis, agthyer is not brought to ground. This is
supported by the fact that collisions that resuiteplayers going to ground were more
accurately detected than those which did not irctiveent investigation. Further work may
need to refine the algorithm to better detect swlfis which do not involve players going

to ground.
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Third man tackles (51%) were less successfullyadetethan second man tackles (72%),
and first man tackles (83%). In Rugby League, its man into the tackle will usually
make the biggest impact with the ball carrier idesrto stop the attacker's momentum.
The second and third men then usually will wragaog control the ball and ball carrier to
prevent the attacker offloading the ball, and staywthe subsequent play the ball down by
attempting to assist the first man in bringing ltladl carrier to ground on their back. As
quite often the second and third men will not hé ball carrier with as much force as the
first man, it would make sense less of these taokieuld be detected as the instantaneous
impact would be lower than that for the first m#hilst lowering the G threshold used to
classify a collision may reduce the number of falsgatives (increasing recall), there is
also the possibility that this would in turn incseaghe number of false positives that are
observed (reducing precision). In order to identtfg optimal threshold to use in the
quantification of automatic collision detectionRugby League, further research is
warranted. Analysing a greater number of playeamegs, and teams (who may show
variation in the tactical approach to carrying tfadl and tackling) would be beneficial in
understanding this area further as the currenystulimited to one team over a single
game. Whilst this study has attempted to quantifiye Statsports Viper device could
automatically detect collision events, further s would also be beneficial in
attempting to quantify the “collision load” scormpided by the system; however research
attempting to do this in the applied setting wopildve difficult due to the gold standard
criterion measure which the intensity of collisiammild be compared with. Controlled
conditions utilising three dimensional motion as&ly in a similar method to a previous

investigation (Wundersitz et al., 2015) may provide best approach.

In conclusion the Statsports Viper device can detecmajority of collisions during

Rugby League match-play. The error (19%) associattdmeasuring collision events is
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related to the ability of the device to not corhgaentify a collision has occurred. A
perfect level of precision shows that there wagmor in the device for incorrectly
detecting a collision event. Ball carries (97%® arore accurately detected than tackles
(73%). Further work is needed to refine the al¢ponito understand the accelerometer
patterns that occur with tackles events during Rugkague match-play, especially those
involving second and third men in order that tleishinology can be widely used in applied
and research settings. Although second and thirdinte the tackle met the definition of a
manually coded collision in the current study, fetinvestigations may have to look at the
definitions of such, and identify if these actuahe collision events (as sometimes these

will just involve a period of wrestle rather tharfudi-on collision).

Thus far, this thesis has examined in depth theem@nt and collision demands of ESL
match-play and how these have changed over tima f@wly promoted team competing
under the ESL licencing system. Whilst the findiags useful for the conditioning and
coaching staff of newly promoted teams to consideen planning training programmes
for their players, newly promoted teams have thditehal challenge of planning for
different recovery periods between matches. Typical the Championship rest periods
between games remain consistent at 6 to 7 dayse\enin the ESL the periods between
games can range from 5 to 10 days. What would eriu® know is how these different
periods impact on match day running performanceth@dnatch result. Such information
could be utilised by coaches and conditioning staffrder to plan training and recovery

strategies for players.
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Chapter 8

Between match recovery duration and the
Impact on match running performance in

European Super League players

The findings thus far in this thesis can help cescind conditioning staff of newly
promoted teams in the future to plan training iste@s for their players. The additional
challenge newly promoted ESL teams encounter isntansistent recovery periods
between games. Game turnarounds can range frorhi®days, with the effect of these
different recovery periods on match running perfance unknown. Such information
could help in the planning and recovery stratetpeplayers. Therefore the aim of the
final study is to examine the effects of differbetween match recovery cycles on the

running performance and result on a greater saofSL teams.
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8.1 Introduction

Exercise induced muscle damage (EIMD) after Rugbggue match-play has been well
documented (Oxendale et al., 2016; Twist et all220lt is characterised by elevations in
myofibrillar proteins in plasma (Johnston et al13; McLean et al., 2010; McLellan et
al., 2010), decrements in neuromuscular functionffield et al., 2012; Johnston et al.,
2013; McLellan & Lovell, 2012), and increased inqeved muscle soreness (Twist et al.,
2012) that last several days after competition. @gms of EIMD might therefore
compromise the quality of a player’s performancthmdays after the original damage,

particularly where congested training and competitichedules occur.

Congested fixture periods where multiple matcheseaperienced in short time periods

are common in elite sporting competitions. The tédirecovery time between these games
has the potential to have an impact on the runperéprmance of match-play. Rugby
League players experience immediate and delayegteyns of fatigue that persist for a
number of days following a game (Johnston, Gabbetl., 2014). For teams participating
in the second tier of European competition (Ther@bianship), the turnaround period
between games remains consistent between 6-7 ddyke elite level in the NRL and

ESL, the recovery time between matches can difféeiween 5-10 days as a result of live
television coverage. Therefore, coaching and canrditg staff need to be mindful of the

recovery time in order to prepare optimally for ubsequent match.

The first study to investigate the effect of si&r6 days), medium (7-8 days), and long (9-
10 days) between-match recovery cycles on actpridfiles was conducted on a single
team participating in the NRL competition (Murrayaé, 2014). Interestingly, players
covered greater total distance per minute of pfear ahort between-match recovery cycles

(5-6 days) than when compared to medium (7-8 days) longer (9-10 days) between
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match turnarounds. This increase was attributedct@ased low speed activity, with no
differences in moderate or high speed distancesredwy players (Murray et al., 2014).
The authors also report that a greater total dist@er minute was covered when matches
were won after a short turnaround, consistent migvious findings that have shown
greater relative intensity in winning teams (Gabl#213b). Contrasting findings were
reported in a more recent study (again from a siDRRL team), where both the total
distance covered per minute and high speed distamnared per minute were lower after
short recovery cycles (Kempton & Coultts, 2016). Wheatches were won, the total
distance per minute and high speed distance peartewwere also lower (Kempton &
Coutts, 2016). The different findings betweenghealies could be due to that in the
Murray and colleagues study (Murray et al., 20bé)duthors failed to account for
contextual factors, such as time out of play, terahtively may be due to differences in
the recovery strategies and training schedulesdsivthe reference teams (Kempton &
Coutts, 2016). Nevertheless, collectively the firgdi show that recovery strategies should
be carefully planned during short between matchwexy cycles to preserve running

performance in subsequent matches.

A limitation of the aforementioned studies is ttiety are limited to single teams from the
NRL, so these contrasting findings are difficuligeneralise. Many coaches of ESL teams
have used the British press to criticise periodsxtdire congestion such as the traditional
ESL Easter weekend (Clubcall.com, 2014; Expresk728kySports, 2016). It has been
reported that for a single ESL team over a peridikture congestion (four games in 22
days with between match periods of 6, 2, and 5)d&gs reductions in high-intensity
running ( 5.5 m.&) and increases in low speed activity (< 5.4 Hsere evident in the
later matches, indicative of an overall slowingrafvement speed (Twist et al., 2017).

Obtaining such information on multiple ESL teamsyrhalp them in their preparation for

116



coping with differing recovery cycles between gamidwerefore the aim of the current
study was to examine the effect of different betwemtch recovery cycles (short,

medium, and long) on the running performance irsegbent matches on a large sample of
six elite ESL teams. It was hypothesised that m@rd@rdemands would decrease in terms
of the high speed distance covered per minutedatigie of fatigue) during matches with
short between match recovery cycles, and convetisslyvould be greater after a long

turnaround.

8.2 Methods
8.2.1 Participants and Procedures

A total of 795 individual performances from the BESL season were originally
considered for analysis from six different teamayBrs movements were examined using
GPS (Statsports Viper, Ireland, 10 Hz GPS, tridak@® Hz accelerometer) in either a
custom designed vest with a tightly fitting squadtsover the vest, or alternatively were
fitted within a specially designed pouch housedinithe tightly fitting squad shirt. The
procedure for switching on devices and downloadiai was as described in Chapter 3,
as was the procedure for determining time on pifghlayers were on the pitch for less
than 5 minutes, then these files were removed tra@ranalysis as this likely represented

an injury (rather than a tactical substitution)isTleft a total of 776 files for analysis.

The GPS variables analysed included the totalmstaovered per minute of time on
pitch, low speed distance (< 3.8 if).sovered per minute of time on pitch, and highesbe
distance (> 3.8 m’y covered per time on pitch. As stated in previchpters, expressing

these values “per minute” allows any differencea assult of longer or shorter game
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durations to be removed (Burgess et al., 2006).uHeeof these broad speed categories is
different to previous chapters as these best tefleihe data that was able to be received
by the researcher from the clubs participatindnendtudy. The key GPS variables were
analysed to investigate differences in movementas@® between short turnarounds (ST)
(5-6 days), medium turnarounds (MT) (7-8 days), lamgj turnarounds (LT) (9-10 days)
between games. These periods were chosen basegtgyous research (Kempton &
Coutts, 2016; Murray et al., 2014), and best re¢fllee typical between match recovery
periods in the ESL (5-10 days). The total numbédiles$ for each between match recovery
period were; ST (271), MT (301), and LT (204). tiddion, differences in movement
demands for matches that were won and lost witlvaineus between match recovery
periods were also examined; ST win (140), ST 1a84), MT win (161), MT lose (141),

LT win (105), LT lose (98). The number of files fgames won and lost regardless of the

between match recovery period was 406 (win) and(®&3).

8.2.2 Statistical Analysis

Before using parametric statistical proceduresadsaimptions of normality and sphericity
were verified using the Shapiro-Wilk and Mauchlegttrespectively. One-way ANOVAs
were performed to assess differences between metokiery periods for all variables.
Where a significant difference was observed, postTukey HSD tests were conducted to
identify the location of the differences. Differ&scin the movement demands between
matches won and lost (regardless of the betweeahmetovery period) were initially
compared using an independent T-test. Further emtigmt T-tests were then conducted to
investigate the differences between movement desnahén matches were won or lost

during games after ST, MT, and LStatistical significance was set at P < 0.05 thhaoux.

118



All parametric statistical procedures were carnatiusing SPSS version 21. To adopt a
practical approach, differences between match taumals were also analysed using
Cohen’s ES. ES were calculated as trivial (<0.2)als(0.2-0.6), moderate (0.6-1.2), large

(1.2-2.0), and very large (>2.0) (Hopkins et ad0Q).

8.3 Results
8.3.1 Differences in movement demands

Differences in movement demands between differetwéen match recovery periods are
shown in Table 8.1. No differences were observedrandifferent between match
recovery cycles for playing time (P = 0.073). Téhesas a small significant difference
between match recovery cycles for the distancereoveer minute (P = 0.007), where the
distance per minute covered after games with LT1(3616.9 m.mift) was greater than
compared to games after MT (90.8 + 20.4 m:if® = 0.005; ES = 0.3). There was a
small, significant increase in the low speed dis¢éaper minute covered after matches with
LT (84.8 + 18.2 m.miil) compared with both ST (80.3 + 17.7 m.figP = 0.026; ES =
0.2) and MT (79.3 + 19.6 m.miy (P = 0.003; ES = 0.3). There was a smalll, sigaift
increase in the high speed distance covered partenin matches after ST (13.2 £ 6.9
m.min*) when compared with both MT (11.6 + 5.8 m.iiiP = 0.004; ES = 0.3) and LT

(10.6 + 5.6 m.miff) (P = 0.001; ES = 0.4).
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Table 8.1: Movement demands of ESL matches from the 2015 reaib different

between match recovery times. Data presented as (8&).

ST MT LT
Playing Time (Min) 72.2 (22.3) 72.9 (21.8) 68.6 (21.5)
Distance per minute 93.5(17.9) 90.8 (20.4) 96.1 (16.9) *
Low speed distance per minut 80.3 (17.7)  79.3 (19.6) 84.8 (18.2) * t
High speed distance per minutel3.2 (6.9) * 11.6 (5.8) 10.6 (5.6) T

*Significantly different to MT T Significantldifferent to ST

8.3.2 Differences in movement demands in matchesawd lost and won and lost with

different between match recovery cycles

Differences in movement demands for matches thet wen and lost (regardless of the
between match recovery cycle) are shown in TaldeThere were no significant
differences for playing time (P = 0.172, ES = G }he high speed distance covered per
minute (P = 0.139, ES = 0.1). There were smallisggmt differences for the distance
covered per minute (P = 0.024, ES = 0.2) and losedplistance covered per minute (P =
0.040, ES =0.2) , with these both being highegames won than in games lost (Table
8.2). Differences in movement demands for matchaswere won and lost between
different between match recovery periods are showrable 8.3. There were no
differences between playing time for matches thexiewvon and lost for ST (P = 0.552, ES
=0.2), MT (P=0.779, ES =0.1), and LT (P = 0.6#S = 0.0). There was a small
increase for the distance covered per minute &fewhen matches were won (95.6 + 91.3
m.min") compared to when matches were lost (91.3 + 19a8imi) (P = 0.002, ES = 0.2).
There were trivial differences between the highesipdistance covered per minute after ST

for matches that were won (13.1 + 5.8 m.Minompared to when matches were lost (13.4
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+ 8.0 m.mift) (P = 0.004; ES = 0.0). After MT matches, thereenadso trivial differences

for the high speed distance per minute when matafees lost (11.2 + 5.9 m.mifi)

compared to matches which were won (12.0 + 5.5 m(P = 0.01, ES = 0.1). There

was a small difference for the low speed distams@ied per minute, being slightly higher

for matches that were won (81.7 + 21.1 m.fiafter MT than when in matches that were

lost (76.4 + 17.5 m.mif) (P = 0.022, ES = 0.3). There was a significaffeténce for the

high speed distance covered per minute after L this being moderately greater (P =

0.04, ES = 0.9) for matches that were won (12.66n5min") than when compared to

matches that were lost (8.0 + 4.7 m.fin

Table 8.2:Differences in movement demands for matches that wen and lost. Data

presented as mean (SD).

Win Loss
Playing Time (Min) 71.5(22.1) 72.7 (21.9)
Distance per minute 94.5 (18.6) * 91.4 (18.9)
Low speed distance per minute 82.3 (19.2) * 79.5 (18.1)
High speed distance per minute  12.2 (5.8) 11.5 (6.7)

*Significantly different to a loss
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Table 8.3: Differences in movement demands for matches tiea¢ won and lost between different between matobmvery periods. Data presented

as mean (SD).

ST MT LT
Win Lose Win Lose Win Lose
Playing Time (Min) 70.0 (21.5) 74.5 (23.0) 72.4 (21.5) 73.6 (22.2) 4623.7) 68.8 (19.4)
Distance per minute 95.6 (15.6) 91.3(19.9)* 92.9 (21.0) 88.4 (19.4) 95.3 (18.2) 96.2 (15.5)
Low speed distance per minute 82.6 (16.8) 77.9 (18.4) 81.7 (21.1) 76.4 (17.5) * 2.73(19.4) 86.6 (16.8)
High speed distance per minut 13.1 (5.8) 13.4 (8.0) * 11.2 (5.9) 12.0 (5.5) * 12.6 (5.6) 8.0 (4.7)*

*Significantly different to winning
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8.4 Discussion

The aim of the current study was to examine thecefbf different between match
recovery cycles (short, medium, and long) on thming performance of subsequent
games from a representative sample of six ESL te@hesresults of this study
demonstrate that matches after ST were associatedrgater high speed distance
covered per minute of play than when compared toadd LT. Matches with LT were
associated with increased low speed distance cdyereminute when compared to both
ST and MT, with the total distance covered per n@ranly being greater in LT when
compared to MT. These data demonstrate that rgrperformance is affected by the
length of the between match recovery cycles. Caaahd conditioning staff working
within the ESL should be mindful of these demamdssidering them when developing

recovery and training strategies for players.

The overreaching hypothesis of the current study tivat running performance in terms of
the high speed distance covered per minute woulddreased following long between
match recovery cycles. Perhaps a surprising finginlge high speed distance covered per
minute of play was higher after shorter turnarowvtlen compared to long turnarounds,
with only the low speed distance covered per mibeiag higher in longer turnarounds
when compared to short. It was reported that there no significant differences between
playing times over the recovery cycles, which iatis the tactical approach to
interchanges remained consistent, and differemcamining intensity measures cannot be
attributed to differences in playing time. The e&sed high speed distance after short
turnarounds in the current investigation is in casitto previous research which reported
reduced HSR following short turnarounds (Kempto@d&utts, 2016). The findings of the
present study may therefore suggest that player&aigued going into matches with

longer between match recovery cycles, and thergham@uce reduced running
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performances in terms of high speed efforts. A pmdéreason for this could be attributed
to differences in training load relating to theaeery time before the next game, although
this statement remains speculative. Typically betwgames with a short recovery cycle,
the training week is characterised by an increasedovery sessions and reduction in
training intensity (SkySports, 2016). It may bettba longer turnarounds, coaches may
feel players have sufficient recovery time and¢hae increase the load placed on the
players which may subsequently induce fatigue ermpthyers, affecting their match day
running performance. It has been previously replathat in different between match
recovery cycles for an elite NRL team, that the méaily training load was lower on a 5
day between match recovery cycle than on both 7 @&y 9 day cycles (McLean et al.,
2010). Large reductions in between-match trainoaglé (measured through session rating
of perceived exertion multiplied by session dunatibave also been reported for a single
ESL team during periods of fixture congestion (#hga in 22 days) (Twist et al., 2017).
This provides support that the reduced runninggoerénce after longer turnarounds in the
current investigation may be due to increaseditrgitpad, which potentially could result
in inducing fatigue and therefore inhibiting rungiperformance. NRL players’
neuromuscular performance and perception of fatigawe been shown to be reduced for
at least 48 hours following a Rugby League matahchn be recovered to baseline levels
after four days with the appropriate training aedavery (McLean et al., 2010). It has
been reported that in elite NRL players, plasmatane kinase concentration remains
elevated for 120 hours after a game and that fays @f modified activity is required to
achieve full recovery to baseline levels (McLel&tral., 2011a). Collectively these
findings suggest that players are able to recayér from the demands of the previous

match in the five day recovery cycle, which is didhy decreased training load and thus
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may explain the present study reporting increasgil $peed distances after short

turnarounds.

A small, but significant difference was evident fbe distance covered per minute and low
speed distance covered per minute between matelsg Wwon and lost, with these being
higher for matches that were won. These resultthamecordance with previous
investigations that suggest competitive succesgmiing teams is linked closely to their
ability to maintain a higher playing intensity grins of the distance covered per minute
over the course of the game (Black & Gabbett, 2@Eahbett, 2013b). When considering
the match result in relation to turnaround, thehtsgeed distance covered per minute was
different between winning and losing for each @& between match recovery cycles. An
interesting finding is that the matches that wess following long turnarounds were
characterised by a significant reduction in higeespdistance per minute than when
compared to wins. This offers an explanation towdhe difference between games that
are won and lost on long turnarounds as when pdaater unable to cover the same relative
high speed distances, the outcome of the game mayobe likely to be a loss. This may
suggest players are unable to carry out high spetdties with the same ease as on short
or medium turnarounds, potentially with fatiguede to a decreased ability to maintain
high-speed kick chase activities and perform coxgline breaks. Alternatively it could
potentially be suggested that if players were tetyleading into a game after a long
between match turnaround that the players attentptethnage this by kicking the ball out
of play more often. Although ball in play time wast investigated in the current study,
this would in turn lower the ball in play time whibtas previously been shown to increase
low speed activity (Gabbett, 2015a) which may eixpllae increase in low speed distance
per minute on a long turnaround compared with Isbthrt and medium turnarounds in the

current study.
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Although this was the first study to examine thdaghaunning demands of players from
multiple ESL teams (six) over different between chatecovery periods, there are some
limitations of this study that warrant discussionieh mainly relate to the data available to
be collected from the participating teams. Furthega relating to the number of collisions
during the games would have been interesting ton@ein addition to the running
demands outlined here. Secondly data relatingctanieal and tactical performance of the
teams would have provided more information to be &bbetter contextualise the
movement demands. As such, these data was nolyraadilable to be shared by the

teams under investigation.

Despite these limitations, the present study higté significant practical implications for
the sports science support team within Rugby Leaguss, mainly relating to the structure
of the training week throughout the competitiveseea The composition of the training
schedule in the weeks where the team has a loagerbund should possibly be likened
in some ways to that of a short turnaround to pcedhe best results and player
performance in games. This may suggest that coatioesd reduce the training load
placed on players during long turnaround weekegrims$ of session number and intensity,
as well making sure not to neglect recovery prdsotien used more rigorously during

short turnaround weeks.

In conclusion, the current study has for the tirsie provided a comprehensive insight into
the running demands during match-play of multiplems in the ESL following different
between match recovery lengths. Longer betweenhatoarounds are associated with a
reduction in HSR performance. Moreover, gamesahatost following long turnarounds
are characterised by decreased HSR elicited by@ag comparison to wins. The
comparison of this data, along with the differenaleserved, provide a solid reference for

Rugby League practitioners to consider in relatmthe association between the length of
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the recovery period between games, the desigredafaiming schedule for the preparation

week and the production of optimal performancelkeve
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Chapter 9

Synthesis of findings

In this Chapter the reader is presented with argédescussion from the findings of the
present thesis. The findings are then outlineelation to the aims and objectives outlined
in Chapter 1. The Chapter then progresses to exagnine limitations and practical

applications of the findings. Finally, future resdadirections are presented.
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9.1 General Discussion
9.1.1 Knowledge on the analysis of physical demasdgy GPS

Applied scientific research continues to investgaiethods of quantifying the physical
demands of team sports. GPS technology is now wigkdd by elite sports teams to assess
player movement patterns. Generally, studies hameladed that GPS devices sampling at
10 Hz and 15 Hz for use in team sports have arptaloke level of validity and reliability
for assessing movement patterns in team sportsiding Rugby League (Hausler et al.,
2015), however 1 Hz and 5 Hz devices have limiteim the capability to quantify short
distance linear and multi-directional running. Clea> specifically assessed the level of
agreement between two currently commercially abél&PS devices (sampling at 10 Hz
and 15 Hz) to measure the total distance and HSRrie (> 5.0 m3. Previous work has
questioned the increase in sampling rate from 1@HZ5 Hz, suggesting this provides no
additional benefit to the reliability of movemeneasures (Johnston, Watsford, et al.,
2014). The findings from Chapter 5 support thigorogiven that there were no significant
differences (Total distance P = 0.96; HSR P = 0.8y typical errors (Total distance
CV% = 0.8%; HSR CV% = 2.2%) and strong correlatifistal distance = 0.99; HSR

= 0.99) between the two devices for both of the emoent parameters under investigation.
Furthermore the level of error between the two deviwas lower than the variation in
movement demands between positions in Chapter tal(distance per minute CV% =
4.7%; HSR per minute CV% = 9.1%), and lower thandliferences in movement
demands between winning and losing teams (Tottdmie per minute CV% = 5.0%; HSR
per minute CV% = 9.3%) (Gabbett, 2013b). The ebetwween devices was quantified in
relation to these specific ‘analytical goals’ irder to determine the effective practical use
of the two devices (Atkinson & Nevill, 1998). Thuswas concluded that the two models

of GPS device could be used interchangeably tsagke total distance and distance
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covered at high speed (> 5.0 H).§or use in Chapter 6 of this thesis, and is ireagent
with previous research that there is no benefitngiroving sampling rate from 10 Hz to 15

Hz when assessing athlete movement demands (JahNgatsford, et al., 2014).

More recently, GPS technology has been developetthade accelerometers, gyroscopes
and magnetometers, allowing the potential quaatifbie of the non-locomotor demands
such as physical collisions. GPSports devicesticawdilly have reported the number of
‘impacts’ recorded by the accelerometer in G folmayever given early work has reported
around 800 impacts during a Rugby League game (MulL& Lovell, 2012), this
approach clearly overestimates the number of physdilisions players perform. These
findings are confirmed from the results in Chagterf this thesis using the same device,
where the total number of impacts above 7G totatbesround 195 per position. As such,
manufacturers of GPS devices have developed speoifision detection algorithms using
accelerometer data. The findings from Chaptevéaled that for the Statsports Viper
device, recall (0.81), was lower than precisio®)lwhich highlights the error (19%)
associated with measuring collisions are relatatieability of the device not correctly
identifying a collision. A perfect level of preaisi shows that there was no error in the
device for incorrectly detecting a collision eveBall carries were more accurately
detected (97%) than when compared to tackles (788pgcially when detecting the third
man into the tackle (51%). Whilst the level of em@as shown to be lower than the
differences between the number of collisions byt reported in Chapter 4 (CV =
29% ), the level of error was shown to be gredtanthe differences in the number of
collisions performed between winning and losing gaffCV = 1% ) (Gabbett, 2013b).
Given that the collision detection algorithm waggmally developed for use in Rugby
Union; this may need refinement for use in Rugbgdiee, especially for detecting tackle

events. Indeed, this notion is supported from pneviinvestigations that have adopted
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collision detection algorithms from other footbatldes and applied it to others, only to

find the algorithm was less successful (Clarkd.ef@16; Gastin et al., 2014).

9.1.2 ESL movement demands

What is clear from reviewing the literature exam@gmthe movement demands of elite level
competition is that the vast majority of studiesdnbdeen conducted within the Southern
hemisphere NRL competition, with data being limibedhe ESL. In addition to our in-
depth understanding of the positional demands tvecourse of 80 minutes of match-
play in the NRL (Austin & Kelly, 2013, 2014; Cummnsi&. Orr, 2015; Gabbett, 2012b;
Kempton et al., 2014; King et al., 2009; McLellarak, 2011c; Sirotic et al., 2011; Twist
et al., 2014), the physical demands have been sathlp examine the most demanding
passages of play (Austin et al., 2011; Johnstora&li@tt, 2011), influence of field positon
and phase of play (Gabbett et al., 2014), influesfdbe opposing team (Gabbett, 2013b),
fatigue and pacing strategies (Black & GabbettA30and demands of successful and less
successful teams (Hulin et al., 2014). As suchptrezall aim of this thesis was to further
increase our understanding of the demands of tlhecB®petition. Chapter 4 analysed the
positional movement demands for a newly promoted t8m over every game in the
2012 season. From a position specific perspedineefindings from Chapter 4 have
confirmed the findings of others that OB typicatlyver greater distances than PIV and
forwards groups (Table 2.2). Although MUF typicadlyend less time on the field than
other positions, the findings from Chapters 4 andggther have showed that MUF cover
greater distances relative to playing time, agaimsestent with previous findings (Table
2.2). The total distances reported in Chapter S@ndar to previous investigations into

ESL and NRL match-play (Table 4.9). However the lygwomoted team operated at
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considerably lower overall movement intensitieteinms of the distance covered per
minute. The lower distance per minute was attrithtivea considerable number of game
stoppages (mean tries per game 11, mean errogapes 28, ball in play ~ 48 minutes).
The distance covered per minute would appear irapbtdb match outcome, with greater
relative distances covered by semi-elite winnirgsi(Black & Gabbett, 2014), and NRL
winning sides (Gabbett, 2013b). This notion ishartsupported from the findings in this
thesis. The total distance covered per minuteHemewly promoted team over the course
of match-play in Chapter 6 increased over three@es which coincided with increased
levels of on-field performance (better league posjtmore points scored, less points
conceded). Furthermore, the findings in Chapten@aled that the distance covered per
minute was greater for games that were won thamwbepared to when games that were
lost in a larger sample of six ESL teams (regasdtdshe between match recovery period)
and also when games were won after a short betmegéch recovery period (5-6 days).
Collectively, these findings suggest that the abtlb maintain high work rates is linked to

match outcome in the ESL.

While profiling the total distance travelled duriagnatch is useful, it is also blunt in the
information that it provides for practitioners igards to the structure and intensity of this
external activity. Therefore, a comprehensive eatabm of the demands of competition is
difficult unless taking into account different vales such as the distance covered within
various speed zones as it is likely that playersamver similar total distance whilst
achieving this in vastly different ways. It has bestablished that players perform high-
speed activities during critical periods of a maighstin et al., 2011; Gabbett et al., 2014).
The findings from Chapter 4 again confirm the fimghk of previous investigations that OB
perform more HSR and sprinting than other positiovith MUF performing the least

amounts. These differences between positions werered in Chapter 6 over three
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seasons where the high speed distance was exprssedhute of play. Interestingly
however, MUF were the only position not to showrarease in HSR over the three
seasons. This could be due to their specificirothe game, whereby they are not offered
the freedom of pitch position to develop forwarddmotion as much as OB for example,
who have a much larger area of space in whichdgrpss at high speeds from game
situations such as kick-returns and positions duaittacking play. The MUF are located in
the middle of the field, close to the oppositioingane, and so their capacity to generate
high speed is less (Gabbett et al., 2014). Angib&ential suggestion is that forwards are
slower than backs (Meir et al., 2001), preventimg attainment of an arbitrary HSR
threshold (> 5.0 m’5in this case) with the same ease. The finding® f€hapter 4
support these notions given that MUF performedtgrezuising (2.7 — 3.8 m3, and
striding (3.8 — 5.0 m distances covered per minute, and reached loeagt gpeeds
when compared to other positions. Issues sucheae tihen raise questions on the
appropriate speed thresholds in order to assegsrpfaovements. There has been little
consistency across the literature in the arbitvatgcity zones used for low-, and high-
speed activity in Rugby League. Indeed even ircthveent thesis, the threshold used in
Chapter 8 (3.8 m'Y is lower than the threshold used in Chaptersdé4@(> 5.0 m.3),
however this was due to the data that was able teteived from the participating clubs
in Chapter 8. There is an argument therefore,itittidualised or position specific speed
thresholds may provide more detailed informatiagarding the running demands of

Rugby League. This issue is further discussed iatire limitations of the thesis section.

It has been reported that less successful NRL tegemiesrm more HSR than successful
teams (Hulin et al., 2014). Other findings sugdleste is little difference in the amount of
HSR between winning and losing teams (Gabbett, R0The findings from Chapter 4

showed that the less successful, newly promotedtE&h performed more HSR than
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previously reported for higher ranked ESL teamsydweer this was still lower than when
compared to NRL teams (Table 4.9). Direct compasdwmetween ESL and NRL
competition has shown that NRL players perform ntd&R, and better maintain HSR
between first and second halves of the game (Tetiak, 2014). Differences in physical
capacity are known to influence HSR performancenduRugby League match-play
(Gabbett et al., 2013) which might explain soméhefobserved differences between ESL
and NRL. Another factor to consider is players’ naalppt pacing strategies. ESL players
typically adopt higher intensities in their firstezcise bout, followed by a lower,
maintainable intensity in the second (Waldron, koglh Daniels, et al., 2013). Players in
the NRL might therefore be encouraged to adoptvan eacing strategy that enables only
small reductions in HSR during the second half ghme. Tactical strategies utilised by

NRL coaches might also enable the maintenance & #i8ing matches.

It has been suggested that it is unclear how psagehieve HSR distances in games (e.g.
good kick chase in winning teams vs. covering bneaks in losing teams) (Johnston,
Gabbett, et al., 2014). As such, Chapters 4 aritefhpted to address such an issue by
examining Opta data. In Chapter 4 a significant amof HSR was attributed to chasing
back players who had broken the newly promoted ‘®defensive line (given on average
they conceded 40 points per game, and the oppogigdormed significantly more line
breaks than they did). Also, given the high nunmidfegame stoppages (as previously
discussed), players might have been able to penfioone high speed efforts in a more stop
start game. Indeed it has been suggested thatuessssful teams are equally equipped as
their more successful counterparts to perform Hfétts, but perhaps cannot recover as
quickly (Gabbett, 2013b). This notion is supporfieain the evidence in Chapter 6 where it

was shown that as performances improved, playens fhe newly promoted team were
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able to perform more HSR over the three seasoes, #wugh the ball was in play for

longer and game stoppages were reduced.

9.1.3 Collisions and their relevance

Players require the ability to perform and withstaysical collisions during both
attacking and defensive phases of play (Gabbett,2010). The defensive play of
tackling is integral to performance, where theigbtb effectively perform a winning
tackle may prove critical in determining the out@ai the game (Gabbett, 2013c). The
attacking play of ball carrying and the abilityttderate being tackles is important for
gaining distance and field position (Gabbett, 2013de previous section of this general
discussion showed that the findings from this thewdicate that forwards’ (specifically
MUF) HSR demands are lower than other positiongp®dr 4 has revealed that MUF and
WRF perform a similar amount of collisions over twirse of 80 minutes, more than PIV
and OB. When expressed relative to playing timéhapters 4 and 6, the amount of
relative collisions MUF have to perform are farages than any other position. Previous
findings have shown that teams in the NRL who pernfthe greatest number of collisions
have improved chances of winning (Hulin et al., 20T his findings has been confirmed
by others investigating semi-elite competition (iH& Gabbett, 2015). Findings into the
number of collisions performed in relation to pemi@nce are somewhat equivocal in this
thesis. In Chapter 4, it was shown that the newdynoted team performed more carries,
tackles, and subsequently more collisions tham tigosition, which may indicate less
successful performances are characterised by tegreamber of collisions. However, in
Chapter 6, the number of collisions performed lgytdbam increased over the three

seasons, as did on-field performance. It has beggested that successful teams who
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perform more collisions are better equipped at sigwthe ‘play-the-ball’ while defending.
This is potentially achieved by tactical stratedlest employ more players to compete
each tackle on more occasions (i.e. 2 and 3 plap@rtackle on a greater number of
occasions), resulting in: (1) a greater numberdifstons, as more players are involved in
each tackle and (2) a slower ‘play’ that may nouree the need for players to cover
greater total distance or HSR (Hulin et al., 2014 Chapter 6 the tackle success
percentage of the team increased over the threersgaherefore less tackles were being
missed which would lead to a greater number ofsiolis. The ball was in play for longer
over the three seasons, which as suggested in &t&aptould lead to a relative increase in
playing action, also increasing the number of smhs. However, it is questionable
whether this resulted in a ‘slower play’ as pregigisuggested (Hulin et al., 2014), as the
relative distance and HSR distance also increagedtbe three seasons. Given the number
of line breaks made against the team reduced bedhtee seasons, it would suggest the
increased relative distance and HSR distance waatlthave been achieved as a result of

poor defence and missed tackles, leading to playersing back the opposition.

It has been suggested that in addition to the &eqw of collisions, the magnitude of
collisions is also vital in determining match outo® (Cummins & Orr, 2015), however
there is no study to date that has specificallyrérad this relationship. The introduction

of GPS embedded accelerometers, magnetometersysrstgpes has led to practitioners
being potentially able to measure collision magietuihowever given the 19% error for
measuring a collision event outright in Chaptesihg GPS, the algorithm used to detect a
collision event outright needs to be improved befine magnitude of these collisions can

be examined in relation to match outcome.
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9.2 Achievement of aims and objectives

The overall aim of this thesis was to examine amthér increase our understanding of the
physical match demands of elite Rugby League mpliehin the European Super League.
The aims of the thesis have been realised throwsghies of interlinked studies evaluated

in sequence.

Objective 1 - To profile the physical demands oflE®atch-play over the course of an

entire season within specific positional groups famewly promoted team.

Objective 1 was addressed in Chapter 4. This chapdeided preliminary evidence that
the HSR and collision demands are greater for loaeked ESL teams than higher ranked
teams, but these are still lower than those expes@ in the NRL. Significant differences
were observed between positions which can be usadeference for Rugby League
practitioners to follow when designing conditioniauigd training regimes. The comparison
of data from training drills to the data outlingdthis study can inform coaches of newly
promoted sides if they are adequately preparinig piteyers for the physical demands of
elite level competition. It was therefore concludledt Objective 1 of the thesis was

successfully achieved.
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Objective 2 - To establish if any differences existween two current commercially
available GPS units to measure movement demandsrder that they can be assessed

interchangeably and seamlessly with the two diffierenodels of device.

Objective 2 was addressed in Chapter 5. The dat@wistrated that there were no
significant differences, low typical errors andosiy correlations between the two devices
in terms of the total distance covered and the kjgred distance (above 5.0 ).s
Furthermore the agreement between devices wasdawadiacceptable in relation so
specific analytical goals from positional data inapter 4, and considering the differences
between games that are won and lost. This ledetedihclusion that the two models of
device could be used interchangeably to assess thegement demand variables in the
following chapters. It was therefore concluded fDhjective 2 of the thesis was

successfully achieved.

Objective 3 - To examine if there is an evolutiangompetitive physical demands over a
three season period for the newly promoted teanhwiicreased exposure to training

and ESL competition.

Objective 3 was addressed in Chapter 6. The firdirgm this Chapter revealed there was
an increase in physical match intensity of ESL cetiipn for a newly promoted team

over a three season period in terms of the toséhdce covered per minute, high speed
distance covered per minute, and number of cofisiger minute. Coaching and
conditioning staff need to be aware of these irm@dalemands when designing training

and conditioning regimes, and newly promoted teaeesl time to develop and adapt to
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the increasing demands of ESL competition. It viiesefore concluded that Objective 3 of

the thesis was successfully achieved.

Objective 4 - To establish if the most recently eleyped model of GPS device to be used
in this thesis can automatically detect collisioments during Rugby League match-play

against those coded from video footage.

Objective 4 was addressed in Chapter 7. The dama tinis Chapter concluded that the
Statsports Viper device can detect the majoritgadlisions during Rugby League match-
play. The error (19%) associated with measuringistoh events is related to the ability of
the device not correctly identifying a collisionshaccured. There was no error in the
device for incorrectly detecting a collision evelall carries (97%) were more accurately
detected than tackles (73%). It was therefore emtex that Objective 4 of the thesis was

successfully achieved.

Objective 5 - To examine the differences in matcbhwvement intensity across different

recovery periods between games for a greater nund§éfSL teams.

Objective 5 was assessed in Chapter 8. Longer eetwmatch turnarounds were associated
with a reduction in HSR performance. Moreover, gathat were lost following long
turnarounds were characterised by decreased HSReelby players in comparison to

wins. It was therefore concluded that Objective the thesis was successfully achieved.
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9.3 Limitations of the thesis

Although this thesis has provided novel data ferltterature it is not without limitations,
many of which are a direct consequence of collgatiata from elite athletes outside of the

controlled laboratory environment. These limita@re now discussed.

Sample size

The findings from Chapters 4, 6 and 7 are fronmglsiprofessional Rugby League team
and this the findings are difficult to generalise éther teams. In Chapter 7 (collision
detection study) analysing a greater number ofgslgygames, and teams (who may show
variation in the tactical approach to carrying fadl and tackling) would be beneficial in
understanding this area further. Whilst data frooitiple teams were used in Chapter 8,
future studies might consider collecting data frawariety of teams to increase sample
size and the statistical power of results, espgdiat examining longitudinal studies such

as in Chapter 6.

Switch in GPS equipment

The switch in GPS equipment part way through thE32eason for the club under
investigation in Chapter 6 is a limitation of thata collected. However such challenges
exist in applied professional sport, where new metbgy is currently being developed and
distributed to elite teams. The switch to the iats device allowed the potential
automatic detection of collisions as examined iadtar 7, and the company signed a

league wide deal in the following years which meardry team was using the same GPS
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device (as in Chapter 8). Whilst Chapter 5 attechpteaddress the issue of a switch in

GPS equipment, this remains a limitation.

Absolute vs relative speed zones

In this thesis, absolute speed zones have beentaskstinguish between the movement
intensities of players. These have traditionallgrbased to analyse the movement
demands of Rugby League match-play in the liteeafAustin & Kelly, 2013, 2014;
Gabbett, 2012b; McLellan & Lovell, 2013; McLellaha., 2011c; Waldron, Twist, et al.,
2011). Emerging research suggests the use of thdilised speed thresholds may provide
a more accurate picture of the positional runniegnands of Rugby (Dwyer & Gabbett,
2012; Reardon, Tobin, & Delahunt, 2015; Scott, Tiban, Scott, Dascombe, & Duthie,
2017) and Soccer players (Abt & Lovell, 2009), espléy when examining the distance
covered at high speed. The traditional method wiguabsolute thresholds has been shown
to both underestimate and overestimate the disteowered at high intensity (Abt &

Lovell, 2009; Reardon et al., 2015; Scott et &12), which is dependent upon the
individual player characteristics. Preliminaryalah players’ running abilities would be
required to establish these individual threshadaisl these would have to be monitored and
adjusted over the course of time based on thestseatus of the player. This approach
may not always be possible especially during theeimson period, when assessments of
players’ fithess and speed qualities cannot bermddeon a regular basis due to the
demands of the competitive schedule. However tipeoach of using individualised
thresholds may allow for better prescription anchitaring of external training loads

based on measured individual physical capabilities.
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Analysing in-game epochs

Throughout this thesis, the physical demands ofttree have been analysed over the full
80 minutes of match-play. Whilst this gives a glgliature of the physical intensity of the
game, the average match intensity over 80 minudes dot reflect the most demanding
passages of match-play (Austin et al., 2011; Gapbb@15a; Gabbett et al., 2014). For
example, the total distance covered per minuteaithiplay has been shown to be
significantly greater when assessing only balllaygime (125 vs. 98 m.mif) (Gabbett,
2015a). In addition the total distance per minate cary depending on field position and
the phase of play. The total distance covered peuten is greatest when defending in the
oppositions 0-30 m zone, compared with defendingpénteams own 0-30 m zone (117 vs.
100 m.min') (Gabbett et al., 2014). As such, examining thisrimation for the newly
promoted team over time may have increased our latlge of the game demands even

further.

Examining heart rate data in Chapter 6

As heart rate data was examined in Chapter 4, uidvioave been interesting to examine
such data in the longitudinal follow up study (Cteay®) in order to examine how the
internal physiological demands had altered as@trekthe increasing external demands.
In the 2012 season the coaching staff at the cladenit compulsory for all players to wear
a heart rate device during games. Following onditand 2014, the coaching staff then
made this optional due to considerable player tsfaation at having to wear the device,
which unfortunately meant there was a consideratvieunt of data missing over the 2013

and 2014 seasons.
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Examining collision and Opta data in Chapter 8

Whilst Chapters 4, 6, and 7 examined the collisienands of match-play, Chapter 8 only
examined the movement demands. Unfortunately cmtlidata (either from Opta or GPS),
and Opta data to contextualise the movement demaasisiot ready available to be shared
by the participating clubs. Examining such inforimatwould have increased the

knowledge in this area.

9.4 Practical Implications

The following is a summary of key practical reconma&tions/findings that have been

identified through completion of the present thesis

1. There are significant positional differences in @byl match demands and these
should be accounted for when designing trainingmesg for players.

2. For newly promoted teams, it is important to expolseers to typical HSR and
collision volumes and intensities that they mayestfio encounter in games to
ensure that players are robust enough to handigeitmands of competition. The
pre-season period therefore is of utmost importan@xpose players to such
demands in training.

3. For practitioners who have collected longitudinaladover multiple seasons using
the GPSports SPI Pro Xll, and Statsports Viper @&f#ces, these can be used
interchangeably to assess the total distance coeere the distance covered at
high-speed (above 5.0 rit)s

4. Coaches and conditioning staff need to be awateeofecent increases in the

physical demands of match-play and highlights theartance of being able to
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continually monitor physical match outputs to poevand re-evaluate benchmark
positional data.

5. Newly promoted teams need time to develop and a&dape increasing demands
of ESL competition. This is a pertinent issue fuvde responsible for organising
the league structure given the recent re-introdaadf promotion and relegation.
With the current structure, newly promoted teamsmwat have the chance to plan
and develop over the long term.

6. The Statsports Viper device can detect the majofityall carries during Rugby
League match-play (97%), however practitioners khba cautious when
examining the number of tackles (73% accuracy)@alpg for second man, (72%
accuracy) and third man tackles (51% accuracy).

7. The composition of the training schedule in the keeghere ESL teams have a
longer between match recovery periods should plysséblikened in some ways to
that of a short turnaround to produce the bestteeand player performance in
games. This may suggest that coaches should réfdeiteining load placed on
players during long turnaround weeks in terms eég@ number and intensity, as
well making sure not to neglect recovery protoadten used more rigorously

during short turnaround weeks.

9.5 Recommendations for future research

The studies completed within this thesis have gledinovel information relating to the
physical demands of elite rugby league match-glagchieving the aim of the thesis,
several issues and subsequent findings have prdrteedormulation of recommendations

for future research. These will now be discussed.
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Suggestions arising from Chapter 4:

The work from this chapter revealed there wereiggmt positional differences for the
physical match demands for a newly promoted ESinté&hilst the differences between
positions are in line with previous work in thigar the novel findings from this chapter
were that the HSR and collision demands were gréatéhe low ranked ESL team under
investigation than higher ranked teams in previesearch, but these were still lower than
those experienced in the NRL. Whilst such a situatvould be difficult to replicate in
research at the moment given the return of promaia relegation (as the team was
competing under the franchise system), it woulihberesting to profile the demands for a
newly promoted team over an entire season who m@&reompeting under the ESL
franchise structure to see if there were any diffees in the physical intensity of play

compared with the current investigation.

Suggestions arising from Chapter 5:

The data from Chapter 5 revealed that the GPSB&1t$ro XIl and Statsports Viper
devices could be used interchangeably to assesstti@istance covered and high-speed
distance (> 5.0 m¥. Whilst the level of agreement was importantstablish for use of
the two devices in Chapter 6, future researchdkamines longitudinal data where a
change in technology was used should aim to corglotlar type investigations using the

parameters specific to the research question goppate analytical goals.

145



Suggestions arising from Chapter 6:

The findings from this Chapter revealed there wamearease in the physical demands of
ESL competition for a newly promoted team overragtseason period in terms of the
total distance covered per minute, high speedrmiistaovered per minute, and number of
collisions per minute. Future studies should now aigireater sample of ESL teams to
determine if there has been a league wide incrieabe physical demands of match-play

in recent times.

Suggestions arising from Chapter 7:

The data from this Chapter concluded that the foats Viper device can detect the
majority of collisions during Rugby League matclaplBall carries (97%) were more
accurately detected than tackles (73%). Whilst shiggests the device could potentially

be used to assess the number of collisions duraigh¥play, the manufacturers of the
device also claim to be able to detect the intgraditollisions using a “collision load”
metric. The speed of the player into the collisaml instantaneous initial impact is

factored in to produce the collision load scoretuFeistudies should assess the accuracy of
this claim in a controlled laboratory, using thigigensional motion analysis as the

criterion measure.

Suggestions arising from Chapter 8:

The findings from this study provided a compreheasnsight into the running demands
during match-play of multiple teams in the ESL daing different between match

recovery lengths. Longer between match turnarowsie associated with a reduction in
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HSR performance. Moreover, games that were lokivihg long turnarounds were
characterised by decreased HSR elicited by plagezsmparison to wins. One of the
suggestions for these differences was the compaosifi the training schedule, whereby an
increased training load was prescribed to playarsid weeks with a long between match
recovery periods, causing fatigue leading intortéet game. Whilst this suggestion is
speculative, this data could be examined in aolip study where the training load of
teams is examined over the different between m&bvery schedules. The number of
collisions during the games under investigationid@lso be examined providing further

insights into the physical demands over these gsrio

9.6 Conclusion

In conclusion, this applied thesis has providedeh@vormation and successfully
increased our knowledge of the physical demand@sSaf match-play focusing on a newly
promoted franchise. Specifically, this is the fingirk to examine the physical demands of
competition for an entire squad of players acraossrdire competitive season in the ESL,
the first to examine how the physical demands dathyalay have changed over
longitudinal seasons, and the first to examineeffexcts of different between match
recovery periods on the running demands for a laageple of ESL teams. Methodological
work in this thesis has also highlighted the imaoce of quantifying and interpreting

errors associated with GPS devices to quantifygslayovements and collisions.
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