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ABSTRACT 
 

This thesis examines the longitudinal evolution of match-play characteristics in senior male 

professional rugby league at both domestic and international levels, with a particular focus 

on the impact of rule changes within the sport. The experimental chapters analyse whole-

match, ball-in-play, and peak characteristics, and evaluate the variability of these segments 

using player locomotion and match-event data collected during the Rugby League World 

Cup and from domestic Super League competition. Throughout the thesis, the implications 

of rule changes within rugby league are discussed. Chapter 3 presents a systematic review 

of the literature as it relates to the effect of rule changes within football-code team sports 

and provides insights into how rule changes effect physical performance and technical-

tactical events, injury incidence and prevention, match scoring or points awarded, and 

player development opportunities. A systematic review and meta-analysis published in 2019 

identified a scarcity of research investigating the characteristics of international rugby 

league matches. The first published study in this thesis (Chapter 4) addresses this gap by 

analysing data from the 2017 Rugby League World Cup, thereby advancing the knowledge 

base of international match-play characteristics. Chapter 4 found that international-level 

rugby league competition exposes forwards to higher collision rates during defensive 

phases of play, while backs experience higher collision rates during attacking phases, which 

has implications for training drill design. Chapter 4 also presents a practical method for 

estimating peak average speed and collision frequency using slope and intercept values 

derived from international rugby league matches, which may assist coaches in the planning 

of technical-tactical training. The 2019 systematic review and meta-analysis also noted a 

bias, with significantly more published studies from the southern hemisphere (n = 27) than 

from the northern hemisphere (n = 3). The second and third published studies (Chapters 5 

and 6, respectively) therefore analysed data collected from the highest level of northern 

hemisphere competition, the Super League. Chapter 5 analysed player locomotion and 

match-event data collected across three years of Super League competition and revealed 

changes in match duration and ball-in-play duration, particularly in response to rule changes 

implemented due to the COVID-19 pandemic. Season 2020, divided into pre- and post-

pandemic interruption, showed reduced average speeds and increased collision rates upon 

the return to competitive matches. Chapter 6 analysed match-event data collected from 

seven seasons of Super League competition, including over 1,000,000 tackle events, and 

for the first time demonstrated significant positional variability in collision-based events. 

These findings suggest that training approaches tailored to specific playing positions would 

be beneficial.   
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CHAPTER 1: INTRODUCTION AND AIMS 

 
 

1.1 Background and Overview of Thesis  

The Betfred Super League, the highest level of rugby league competition in Europe, began 

in 1996 replacing the previously named First Division, which ran between 1895 and 1996. 

The move from First Division to Super League in 1996 saw the sport enter full-time 

professionalism which brought a significant change in the timing of competitive fixtures 

moving from a traditional winter season to a spring and summer season. The present Super 

League season typically begins late February and concludes early September in the form 

of a Grand Final which is played between the remaining two sides following a play-off series 

including the top six sides.  

Since the inception of this project in advance of season 2018, fifteen unique teams 

have participated within the twelve team Super League, through the process of promotion 

and relegation, with eleven of the fifteen an ever present in the competition. At the time of 

writing this thesis during the 2024 campaign, eleven of the participating twelve teams are 

based in England and one is based in southern France. Of the eleven participating sides 

presently based in England, one is based in London whilst ten are based in the north of the 

country, which geographically and culturally reflects the sports overwhelming heartland 

close to its origin within the United Kingdom.  

In preparation for 2017 Rugby League World Cup (RLWC) and 2018 Super League 

season, the Rugby Football League (RFL), signed a league-wide athlete tracking 

agreement with Australian based wearable microtechnology provider Catapult. Catapult 

was founded in 2006 and was born out of a partnership between the Australian Institute of 

Sport (AIS) and the Cooperative Research Centres with the objective of maximising the 

performance of Australian athletes ahead of the Sydney Olympics. This league-wide athlete 

tracking agreement primarily centred around the provision of Global Navigation Satellite 

Systems (GNSS) technology to the England Rugby League national team and the twelve 

annual participating Super League teams for an initial period of three years (Catapult, 2017). 

Part of the service provision between RFL and Catapult includes an applied research 

support collaboration with Leeds Beckett University which was a first of its kind within 

league-wide wearable microtechnology agreements. Two research students, one full-time 

and one part-time, collaboratively worked on the project operationally named ‘Project SL-

Catapult’. Dr Nicholas Dalton-Barron was a full-time doctorate student who submitted a 

thesis in January 2021 entitled ‘The Design of a League-Wide Data Management System 
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to Evaluate the Match Characteristics of Rugby League’, which included the following 

publications: 

 

• Dalton-Barron, N., Whitehead, S., Roe, G., Cummins, C., Beggs, C., & Jones, B. 

(2020). Time to embrace the complexity when analysing GPS data? A systematic 

review of contextual factors on match running in rugby league. Journal of Sports 

Sciences, 38(10), 1161–1180. https://doi.org/10.1080/02640414.2020.1745446  

• Dalton-Barron, N., Palczewska, A., McLaren, S. J., Rennie, G., Beggs, C., Roe, G., 

& Jones, B. (2021). A league-wide investigation into variability of rugby league 

match running from 322 Super League games. Science and Medicine in Football, 

5(3), 225–233. https://doi.org/10.1080/24733938.2020.1844907 

• Dalton-Barron, N., Palczewska, A., Weaving, D., Rennie, G., Beggs, C., Roe, G., & 

Jones, B. (2022). Clustering of match running and performance indicators to 

assess between- and within-playing position similarity in professional rugby 

league. Journal of Sports Sciences, 40(15), 1712–1721. 

https://doi.org/10.1080/02640414.2022.2100781 

 

The present thesis was written as a part-time research student working full-time for Catapult 

as a sports scientist specialising in the application of wearable microtechnology within sport 

and with a background as a full-time strength and conditioning coach within professional 

rugby union. Working full-time whilst concurrently conceptualising research questions and 

methods, analysing and interpreting data, and authoring manuscripts has proven to be a 

rewarding and fulfilling challenge which has tested transferrable life-skills such as 

prioritisation and time management.  

Project SL-Catapult was unique insofar as advancements in cloud-based 

processing allowed for the aggregation of league-wide player positional tracking data into a 

centralised cloud database underpinned by what is known as a ‘Parent-Child’ data 

architecture. Catapult are experienced suppliers of microtechnology at a league-wide level 

having supplied the Australian Football League (AFL) since 2016 and presently the National 

Rugby League (NRL), Ligue Nationale de Rugby (LNR), Premiership Rugby Limited (PRL), 

Extreme Football League (XFL), and Division Mayor del Futbol Profesional Colombiano 

(DIMAYOR). The first iteration of the league-wide centralised database solution had 

previously been implemented within AFL and represented a hierarchical relationship with 

the league OpenFieldTM software account (i.e., Parent) and each independent club teams 

OpenFieldTM software accounts (i.e., Child) which are connected using the concept of tags. 

OpenFieldTM is the name given to the proprietary software provided by Catapult. Tags are 

https://doi.org/10.1080/02640414.2020.1745446
https://doi.org/10.1080/24733938.2020.1844907
https://doi.org/10.1080/02640414.2022.2100781
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applied within each OpenFieldTM software account signifying league, team and player 

identification numbers which enables successful migration of player positional tracking data 

from Child to Parent software accounts.  

The AFL imposed strict data management and governance over clubs including data 

segmentation (e.g., “Quarter 1”, “Quarter 2”, “Quarter 3”, and “Quarter 4”) and standardised 

settings (i.e., consistent speed thresholds) across all OpenFieldTM software accounts. This 

data governance was critical in the AFL league-wide centralised project since only summary 

data was permitted to be extracted by the league during the data migration process. 

However, the collaboration between RFL, Leeds Beckett University and Catapult was 

unique at the project’s commencement owing to the migration of summary and raw 10 Hz 

data; the latter unlocking the possibility of a greater granularity of analysis including for 

example ball-in-play (i.e., attack, defence, and transition) phases of play.  

Although migration of raw player tracking data was performed in the Parent-Child 

OpenFieldTM proprietary software, the accessibility and manipulation of summary and raw 

data was limited within proprietary software therefore it was necessary to explore and move 

to an alternative data extraction and interrogation process. The second iteration of Project 

SL-Catapult’s centralised data management involved the use of ‘Catapult Connect’ 

(Catapult, 2018) which is Catapult’s application programme interface (API). Using the 

Catapult Connect API, all summary and raw positional tracking data were extracted through 

R (R, 2023) which allowed subsequent data manipulation, transformation, and loading steps 

within the R platform. The advantage of this approach was that all participating club sides 

had the autonomy and capability of collecting and analysing data in line with their individual 

philosophy and, upon their routinely performed cloud sync, all raw data would be retrievable 

in R for analyses and interrogation. Whilst this approach was undoubtedly challenging, it is 

arguable that allowing all participating club sides the freedom to have choice over their 

settings, speed thresholds, and data segmentation, likely increased collaboration and 

reduced any potential for resistance within the project. 

The advantage of homogenous data stratification, processing and reporting at 

league level unlocked not only research insights which would benefit coaches and physical 

preparation staff but allowed stakeholders at league level (e.g., social media, marketing, 

and commercial teams) to leverage innovative strategies and projects around the use of 

player tracking data. The Super League are continual innovators and regularly implement 

technological initiatives such as on-field video review as early as 1996 (five years before 

rugby union and some twenty-two years before association football). Standardised 

processing, filtering and segmentation of player tracking data allowed social media and 

marketing teams the opportunity to demonstrate to a captivated public audience the 

physical qualities of the athletes in the sport with regular infographics and content created 



 

 20 

highlighting the players which covered the greatest distances and achieved the highest 

peak speeds during matches. This off-field project evolved from online social media posts 

to multiple real-time broadcast initiatives in collaboration with Sky Sports (BskyB, London, 

United Kingdom) including two ‘Magic Weekend’ events (Magic Weekend is two days of 

back-to-back fixtures, three per day, broadcast live on television from a neutral venue) and 

two Grand Final contests. The standardised nature and consistency of the data collected 

for research and broadcast purposes allowed data comparisons to be made by 

broadcasters therefore greatly enhancing this aspect of the project.  

World events including the coronavirus pandemic, resulting in a worldwide 

lockdown, had a significant impact upon the project. Questions regarding player proximity 

to fellow players and the potential spread of the virus during training and matches were 

proposed by the RFL. Given the league-wide nature of the data collected within Project SL-

Catapult, the research group were able to support and work with stakeholders at club and 

league level to monitor player proximity using wearable microtechnology whilst also 

informing the RFL Laws Committee at league level of events resulting in player incursions 

(Jones et al., 2021b) which contribute most to player interactions with fellow players. An 

example of a consequent intervention was the temporary removal of scrums during match-

play. 

 This research project and thesis was funded by Catapult. The research chapters 

which contribute to the body of this thesis are in response to real-world questions which 

have arisen by practitioners in the field, and it is hoped that the findings of each chapter 

have proven useful and that the summary discussion to conclude the thesis will prove 

beneficial for all stakeholders including coaches, backroom staff, players, and sports 

legislative bodies. 
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Figure 1: Infographic showing project milestones and research timeline (Rennie, 2024). 

  

June 2016

•Joined Catapult as a Sports Scientist.

December 2017

•Catapult and the Rugby Football League (RFL) enter centralised league-wide player tracking 
agreement, with research partner Leeds Beckett University.

September 
2018

•Completed confirmation of Registration with Leeds Beckett University.

November 2019 

•Chapter 4: Published in Science and Medicine in Football.
•Locomotor and collision characteristics by phases of play during the 2017 rugby league World 

Cup.

November 2020

•Case Study Published [online] on sportperfsci.com.
•Difference in rugby league match characteristics following the introduction of temporary law 

modifications due to COVID-19; A preliminary investigation.

November 2021

•Chapter 5: Published in PLoS One.
•Longitudinal changes in Super League match locomotor and event characteristics: A league-

wide investigation over three seasons in rugby league.

July 2022

•Chapter 6: Published in Journal of Science and Medicine in Sport.
•Tackle and ball carrier demands of rugby league: a seven-year league-wide study including 

over 1,000,000 tackle events.

July 2024

•Chapter 3: Published in Science and Medicine in Football.
•The effects of rule changes in football-code team sports: A systematic review.

September 
2024

•Thesis Submitted
•Locomotor and collision characteristics of rugby league match-play: Analysis of league-

wide player tracking and event data to evaluate longitudinal changes.



 

 22 

1.2 Introduction 

Rugby league is a contact-based football-code team sport played in several countries 

worldwide at both domestic and international levels (Brewer and Davis, 1995, Gabbett et 

al., 2008a). It is played professionally in Europe, in the Super League, governed by the RFL, 

and in Australasia, in the NRL, under the governance of the Australian Rugby League 

Commission (Twist et al., 2014).  

Rugby league’s origins trace back to the mid-1890’s (Brewer and Davis, 1995). The 

Rugby Football Union (RFU) was formed in 1871, with the first laws of rugby approved in 

June of that year (Dunning and Sheard, 2005). Fourteen years later, in August 1895, 

representatives from twenty-two RFU member clubs met in Huddersfield, United Kingdom, 

to form the Northern Rugby Football Union following an ongoing dispute with the RFU 

regarding player pay and committee representation (Fagan, 2007). This schism is heralded 

as the birth of rugby league, albeit the name ‘rugby league’ was adopted by the sport several 

years later 1922 (Baker, 1995). The sport is currently played with 13 players per side and 4 

interchangeable players (Gardner et al., 2015), with a limit of 8 interchanges permitted per 

team, and is characterised by intermittent and high-intensity locomotion and collision 

activities which are separated by periods of low-intensity (Weaving et al., 2019b). Senior 

male rugby league is played over two 40 minute halves separated by a 10 minute rest 

interval (Glassbrook et al., 2019). The 13 players are commonly divided into two 

predominant playing groups, namely forwards and backs (Gissane et al., 2003). Playing 

position are often further categorised as props, loose forwards, second-rows, hooker, 

halves, centres, wingers and fullback (Dalton-Barron et al., 2022).  

The objective of rugby league is to outscore the opponent in the form of tries (i.e., 

placing the ball behind the oppositions ‘try’ line) and goals (Gabbett et al., 2008a). During 

rugby league match-play, each team in possession is allowed six consecutive tackles, 

known as a “set”, with the aim of advancing the ball forward to achieve this points scoring 

objective (Gissane et al., 2003). After a successful tackle, the attacking team initiates a play-

the-ball (PTB), with the defending team required to retreat at least 10 m towards their own 

try line in accordance with the 10 m rule (Gabbett et al., 2008a, Meir et al., 2001). If a team 

remains in possession following the sixth tackle, the ball is turned over to the opposing team 

so they can begin their set of six tackles. During the sixth set, the attacking side will typically 

execute a strategic kick down field followed by a ‘kick-chase’ by teammates to gain 

advantageous field position and apply pressure to the opponent now in possession.  

Rugby league matches last 80 minutes, which is similar to other football codes such 

as soccer (~90 minutes) and rugby union (~80 minutes) whilst being substantially shorter in 

duration than Australian rules football (~120 minutes) and longer than Gaelic Football (~60 
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minutes). The dimensions of a rectangular rugby league pitch are 68 m wide from touchline-

to-touchline and 112 to 122 m long (including the in-goal area) which is equal to 224 to 244 

m2 per player. This is considerably smaller than that of an Australian rules football oval (i.e., 

110 to 155 m wing-to-wing and 135 to 185 m goal-to-goal; 324 to 625 m2 per player) and 

soccer pitch (i.e., 64 to 75 m touchline-to-touchline and 100 to 110 m goal line to goal line; 

291 to 375 m2 per player). Due to the shorter playing duration and smaller pitch area, the 

locomotor characteristics of rugby league (median [lower quartile – upper quartile]; 4073 

[3282 – 4714] m for props to 7943 [7626 – 8311] m for fullbacks; (Dalton-Barron et al., 

2020b) are typically lower than that of soccer (mean ± standard deviation [SD]; 10032.18 ± 

466.14 m; (Oliveira et al., 2021) and Australian rules football (mean ± SD; 12897 ± 1601 m; 

(Johnston et al., 2018). Figure 2 provides a visual indication of field dimensions across 

different team sports (Torres-Ronda et al., 2022). In addition to a larger playing area within 

alternative football codes, the physical characteristics in the form of tackles and ball carries 

must be considered when analysing the overall match characteristics of rugby league 

(Weaving et al., 2019b). 

 

 

Figure 2: A comparison of field size across different team sports (Torres-Ronda et al., 2022) 

The number of players per team is represented by the figure above each field. 

 

Quantification of physical match characteristics in rugby league has been extensively 

explored through the application of time-motion analysis (TMA) throughout the past three 

decades (Dalton-Barron et al., 2020b, Glassbrook et al., 2019, Hausler et al., 2016, 

Johnston et al., 2014a). The earliest implementation of TMA within rugby league research 

dates back to 1993 which, through manual coding of video footage from two professional 

matches in Australia, revealed that distances covered ranged from (mean ± SD) 6530 ± 690 

m for props, to 6764 ± 449 m for hookers, to 6750 ± 156 m for wingers, and to 7921 ± 473 
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m for half-backs (Meir et al., 1993). This approach has been shown to be moderately reliable 

within rugby union (Duthie et al., 2003), however due to its labour-intensive nature the 

application of this methodology has been limited. Moreover, due to advancements in 

microtechnology, wearable player tracking devices incorporating GNSS and Micro-

Electrical Mechanical Systems (MEMS) (e.g., accelerometers, magnetometers, and 

gyroscopes) have become commonplace within rugby league (Cummins et al., 2013, Twist 

et al., 2014). Microtechnology devices are preferred by practitioners and researchers due 

to their ease of data collection, portability, and relative low-cost (Gray et al., 2018) as well 

as their ability to monitor athletes in real-time (Barrett, 2017, Cunneen and Borges, 2020, 

Weaving et al., 2017b). Microtechnology devices have been used by all professional teams 

competing in the Super League and the NRL since 2010 and 2009, respectively (Johnston 

et al., 2014a) which provides the opportunity for league-wide data analysis (Dalton-Barron 

et al., 2020a). Single team studies, which are commonly undertaken due to accessibility 

and convenience (Teddlie and Yu, 2007) are not unusual within rugby league research 

(Dalton-Barron et al., 2020b, Glassbrook et al., 2019) but are problematic due to inherent 

small sample sizes which is one of three factors, alongside significance level and the 

magnitude of the treatment effect, which affects statistical power (Beck, 2013). Moreover, 

the generalisability of findings from studies containing individual teams are limited since 

data obtained from a single team is non-random (Dalton-Barron et al., 2020b) and is likely 

influenced by certain tactics which influence match and training characteristics. 

Although locomotor characteristics of rugby league are lower than other football-

code team sports, rugby league players are exposed to between 28 (23 to 32) and 45 (38 

to 52) collisions during a whole-match as an outside back or wide-running forward, 

respectively (Gabbett et al., 2012). The volume of collision events is an important 

consideration when analysing match characteristics as there is an inverse relationship 

between peak match speed (measured in meters per minute; m.min-1) and collision events 

(Johnston et al., 2019b). When zero collisions are experienced, peak match average-speed 

for NRL playing forwards is 164.1 ± 18.6 m.min-1 and for Super League playing forwards is 

164.5 ± 14.2; whereas when three-or-more collisions are experienced, peak match speed 

for NRL playing forwards is reduced to 127.1 ± 18.6 m.min-1 and for Super League playing 

forwards is reduced to 120.6 ± 25.8 m.min-1 (Johnston et al., 2019b). A similar trend is 

observed when zero collisions are experienced for NRL playing backs (mean ± SD; zero 

collisions: 166.7 ± 18.1 m.min-1 vs. three-or-more collisions: 132.6 ± 23.8 m.min-1) and Super 

League playing backs (zero collisions; 170.8 ± 17.6 m.min-1 vs. three-or-more collisions; 

109.6 ± 31.6 m.min-1) thus demonstrating that player running volume reduces in the 

presence of increased collision exposure (Johnston et al., 2019b). To tolerate these 

physiological and mechanical exposures, whilst maximising physical performance, players 
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require a wide range of well-developed physical qualities such as repeated-sprint ability, 

speed, muscular strength and power, and maximal aerobic fitness (Johnston et al., 2014b, 

Speranza et al., 2017). These physical qualities have been shown to relate to technical 

performance. Tackling ability in semi-professional rugby league players is notably related to 

both lower-body and upper-body strength, as well as upper-body power (Gabbett, 2016, 

Speranza et al., 2015a). Athletes demonstrating greater lower-body power make a 

significantly higher proportion of dominant tackles during match-play (Gabbett et al., 2011, 

Speranza et al., 2015b). 

As a sport, rugby league is characterised by its continuous evolution, often marked 

by rule changes and structural adjustments aimed at enhancing spectator engagement and 

improving player safety. The first documented rule change within rugby league was during 

the inaugural 1895 breakaway season (Fagan, 2007). In the seasons which preceded the 

inaugural Northern Rugby Football Union (i.e., rugby league) season, the scrum half was 

permitted to follow the ball as it progressed through the opposition forwards during the 

scrum however in 1895 the defending scrum half would be ruled offside if they moved past 

their own team’s forward players during the scrum. In addition to the newly introduced 

offside rule, the lineout was abolished, playing numbers were reduced from 15 to 13, and a 

play-the-ball (PTB) was introduced after a completed tackle. The season which followed 

included further rule changes (e.g., in the event a defending player deliberately knocked the 

ball on a free kick would be awarded instead of a scrum formed). Since the mid-1950s, 

economists have stressed the importance of the uncertainty-of-outcome in sport and its role 

in maintaining spectator interest (Borland, 2003, Budzinski and Pawlowski, 2014, 

Rottenberg, 1956). Changes to competition rules are one method of achieving this 

uncertainty amongst spectators (Hon and Parinduri, 2016) with the objective of ensuring 

that competitiveness still exists (Eckard, 2017). Rule changes have become increasingly 

common as rugby league has continued to evolve. For example, the 2019 Super League 

season included rule changes intended to increase the speed of match play by reducing 

the number of player interchanges and introducing a ‘shot-clock’ (i.e., play must be restarted 

within 35 seconds for a scrum and 30 seconds for a drop-out). Season 2019 also introduced 

an additional 10 minutes of playing time (referred to as ‘Golden Point’) in the event of a tied 

score upon full-time, meaning teams would compete for two additional 5 minute periods to 

determine a winner decided by the side which scored next.  

Moreover, in response to restrictions in place as a consequence of the COVID-19 

global coronavirus pandemic, the 2020 Super League season was suspended for 141 days 

(15th March 2020 to 2nd August 2020) and upon return saw further rule changes introduced 

including the removal of scrums, which was a temporary rule change to reduce the risk of 

SARS-CoV-2 transmission (Jones et al., 2020, Jones et al., 2021a), and the introduction of 
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the colloquially named ‘six-again’ rule. Prior to the introduction of the ‘six-again’ rule, ruck 

infringements were penalised with awarding of a traditional penalty, where teams were 

given the option of kicking into touch (i.e., kicking the ball out of play to gain field position), 

restarting an attacking set from the penalty spot, or a penalty shot at goal. Under the revised 

‘six-again’ rule implementation, the referee awarded an automatic reset of the defending 

team’s tackle count to a full six tackle allocation. Rule changes in rugby league serve 

multiple purposes, including improving player performance and match continuity, ensuring 

safety, elevating participation, enhancing enjoyment, and accommodating technological 

progress (Eaves et al., 2008b). Rule changes continue to be implemented within the sport. 

Ahead of Super League 2024 season, an ‘18th Player Interchange’ was made more readily 

available (i.e., this additional interchange can be activated following two failed head injury 

assessments (HIAs) rather than three, or when a player is deemed ineligible to return to the 

field by any injury caused by serious foul play which leads to an opponent being dismissed 

or sent to the sin bin).  

 
1.3 Statement of the Problem(s) 

Understanding the characteristics of rugby league match-play is important for researchers, 

coaches and players as improved knowledge of players physical qualities facilitate 

improved training design for athletes playing at the highest levels (Glassbrook et al., 2019) 

and can assist applied sports scientists to evaluate whether training prescription is 

appropriate to the rigours of competition (Gabbett, 2012). A systematic review and meta-

analysis investigating the characteristics of professional rugby league match-play, published 

in 2019, identified that most studies within rugby league are completed using data collected 

from NRL competition (n = 27), with only 10% of the pool of evidence undertaken using data 

collected from Super League competition (n = 3), and one using international matches 

(Glassbrook et al., 2019). Previous studies have demonstrated differences between 

competitions (i.e., NRL vs. Super League) (Twist et al., 2014) levels of competition (i.e., elite 

vs. semi-elite) (Sirotic et al., 2009). Players participating in Super League competition were 

found to record higher average speed than those in the NRL (Super League: 95.8 m.min-1 

vs. NRL: 90.2 ± 8.3 m.min-1, p < 0.05) however players within the NRL competition were 

found to report greater high-speed distance (Super League: 6.1 ± 1.7 m.min-1 vs. NRL: 7.8 

± 2.1 m.min-1, p < 0.05) (Twist et al., 2014). Elite players recorded higher average speed 

(elite: 108.9 ± 10.6 m.min-1 vs. semi-elite: 102.3 ± 9.7 m.min-1, p < 0.01) and high-speed 

distance (elite: 36.7 ± 9.8 m.min-1 vs. semi-elite: 29.6 ± 7.8 m.min-1, p < 0.01) during the first 

half of matches (Sirotic et al., 2009). Due to the differences documented between 

competitions and levels of match-play, it is reasonable to speculate that international match 
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characteristics may differ from elite domestic. Therefore, considering the dearth of literature 

surrounding international match characteristics, this aspect of performance including whole-

match, attacking and defensive phases, and peak characteristics remains unknown and 

requires investigation.  

 Another problem that the sport of rugby league faces, which contributes to the 

challenge of generalising study findings across competitions, is that differences in rules 

exist between competitions. Differences between rules manifested ahead of the 2024 World 

Club Challenge (which is contested between the winners of the 2023 Super League and 

the winners of the 2023 NRL) into a controversial decision to implement international rules, 

rather than enforcing the tighter Super League rules related to increased sanctions for 

accidental head and neck contact. This episode highlights a problem the sport of rugby 

league faces which is that occasionally different rules are applied within different playing 

tournaments at elite domestic level, and between elite domestic and international level, 

therefore findings from research investigating match-play characteristics with players and 

teams participating in one playing population cannot easily be generalised across teams, 

levels or competitions. In light of recent literature reporting the effects of the introduction of 

the colloquially termed “six-again” rule within NRL competition (Delves et al., 2022b), it is 

reasonable to expect that rule changes can influence match characteristics. Due to the lack 

of match-characteristics related literature within Super League competition (Glassbrook et 

al., 2019), a problem which must be addressed is that of analysing and presenting 

generalisable match characteristics literature using data specific to Super League 

competition.  

 The within-player and between-player, between-position, between-match, and 

between-team variability of locomotor characteristics from 322 Super League rugby league 

matches have recently been reported (Dalton-Barron et al., 2020a), however a limitation of 

this study is that it only included displacement characteristics and therefore the variability 

of collision-based variables such as tackles and ball carries remains unknown and requires 

investigation. The lack of this information makes it difficult for governing bodies, coaches, 

players and researchers to interpret what a meaningful deviation from normal is.  

 Microtechnology is a valid method of detecting collisions within rugby league (Hulin 

et al., 2017), however a problem that practitioners operating within rugby league must 

navigate is that microtechnology cannot distinguish between the type of collision a player is 

involved in. Therefore, the frequency of distinct tackle events, ball carries and tackler 

involvements which players are exposed to during match-play are unknown and require 

investigation. Moreover season-to-season variability of match events (i.e., tackle events, 

ball carries, and tackler involvements) is also yet to be determined and requires exploration 

in order to determine when meaningful change has occurred. Understanding longitudinal 
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changes in match-play characteristics, including changes from season-to-season, enables 

coaches to make more informed decisions regarding preparation strategies for their players. 

Rule changes add to this challenge and continue to be introduced on an annual and 

occasionally mid-season basis however often their effects are not quantified within 

literature. By leveraging league-wide datasets, this project has the capability to overcome 

the common issue within sports science of inherently small sample sizes (Sands, 2008) 

often resulting in underpowered studies (Abt et al., 2020). 

 The prevalence and quality of research into the effects of rule changes within 

football-code team sports remains broadly unknown. For example, coaches and backroom 

staff would benefit from knowing if the implementation of rule changes effect areas of 

performance such as physical characteristics, match scoring, or injury incidence. Improved 

knowledge of this area better positions coaches and researchers to make better informed 

decisions and therefore understanding how rule changes impact the various aspects of 

match-play within football-code team sports is an area which requires investigation and 

summary presentation. Therefore, the chapters contained within this thesis aim to contribute 

findings towards these areas in which the literature is currently lacking. 

 
1.4 Aims 

The aims of the chapters within this thesis are: 

1. To present and summarise the existing research examining the effects of rule 

changes within football-code team sports characterised by their invasion-based and 

continuous match-play, with a specific emphasis on methodological quality (Chapter 

3). 

2. To describe locomotor and collision characteristics of international rugby league 

matches (including whole-match, attacking and defending phases of play, ball-in-

play periods, and peak characteristics) and describe the within-player and between-

player variability of these characteristics (Chapter 4).  

3. To quantify the differences in match events and locomotor characteristics between 

the 2018, 2019 and 2020 Super League seasons in response to rule changes 

implemented by the sport’s governing body (Chapter 5). 

4. To describe the highest frequency of collision-based events (i.e., tackle events, ball 

carries and tackler involvements) for playing positions within professional rugby 

league over a multi-year period, including within-player, between-match, between-

season, between-player, and between-position variability (Chapter 6).  
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CHAPTER 2: LITERATURE REVIEW 

 
 

2.1 Overview of the Chapter 

The following review of literature has two key aims. Firstly, to critically evaluate the current 

evidence relating to the usefulness, validity and reliability of GNSS and MEMS devices used 

within football-code team sports; and secondly, to provide an overview of the match 

characteristics (i.e., locomotor and collision characteristics) of international, elite domestic, 

and sub-elite rugby league including the various methods for quantifying these match 

characteristics available to the practitioner.  

Section 2.2 will focus upon the application of electronic performance and tracking 

systems (EPTS) within rugby league. Section 2.2.1 will discuss the usefulness, validity, and 

reliability of global positioning system receivers (section 2.2.1.1) followed by inertial 

measurement units (IMUs) (section 2.2.1.2). Section 2.2.1.1.1 will discuss validity and 

reliability of global positioning receivers within the context of EPTS and present insight into 

total and speed-based threshold distance (section 2.2.1.1.2), peak and instantaneous 

speed (section 2.2.1.1.3), and GNSS derived acceleration and deceleration metrics (section 

2.2.1.1.4). Section 2.2.1.2.1 will discuss the usefulness and reliability of IMUs within the 

context of EPTS and present insight into the application of IMUs within rugby football codes 

(section 2.2.1.2.2). Increased understanding of the application of wearable microtechnology 

within rugby league aids in informing the selection of methods utilised in the subsequent 

experimental chapters. 

Section 2.3 will discuss the physical characteristics of rugby league match-play. 

Section 2.3.1 will provide an overview of the locomotor characteristics of match-play, section 

2.3.2 will present collision characteristics, and section 2.3.3 will provide an insight into the 

technical-tactical characteristics of rugby league. Section 2.3.4 will discuss the contextual 

factors which may influence performance characteristics. These contextual factors 

contribute to the variability of data in rugby league match-play within-players and between-

players, between-matches, between-positions, and between-seasons which will be 

discussed in section 2.3.5.  

 
2.2 Electronic Performance and Tracking Systems (EPTS) 

Before any measure is implemented, a number of key theoretical and technical attributes 

(e.g., conceptual and measurement model, validity, reliability, responsiveness, 

interpretability, respondent and administrative burden, alternative forms, and cultural and 
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language adaptation) must be considered (Impellizzeri and Marcora, 2009). Atkinson and 

Nevill (1998) postulate reliability both absolute terms (i.e., the degree to which repeated 

measurements vary for individuals) and relative terms (i.e., the degree to which individuals 

maintain their position in a sample with repeated measurements). Absolute reliability is 

important when assessing the standard error of measurement (SEM) present within a 

measure and is usually assessed through typical error (expressed as coefficient of variation 

[CV]) (Atkinson and Nevill, 1998). Relative reliability is important for comparing a measure 

between individuals and is usually assessed through correlation (expressed as intraclass 

correlation coefficient [ICC]) (Atkinson and Nevill, 1998). There are three main types of 

validity to consider: content validity, construct validity (including convergent and discriminant 

validity), and criterion validity (including predictive, concurrent, and postdictive validity) 

(Impellizzeri and Marcora, 2009). The following sections will evaluate commonly used 

methods, and their associated measures, used to quantify physical characteristics of rugby 

league match-play, with reference to these considerations. 

 

2.2.1 Usefulness, validity, and reliability of EPTS 

2.2.1.1 Global positioning system receivers 

Global Positioning Systems (GPS) is a satellite navigation network, originally developed for 

military purposes (Cummins et al., 2013), that provides location and time information of 

positional tracking devices (Malone et al., 2017). Each satellite in the GPS constellation is 

equipped with an atomic clock, with the GPS receiver synchronising its clock with the 

satellites atomic clock (Larsson, 2003). The satellites continuously transmit precise time 

information to the GPS receiver at the speed of light (Silva et al., 2023). The GPS receiver 

calculates signal travel time by comparing the time given by a satellite within the GPS 

receiver (Larsson, 2003). The distance to the satellite is then determined by multiplying the 

signal travel time by the speed of light (Schutz and Herren, 2000). By calculating the 

distances to at least four satellites, the precise position can be trigonometrically determined 

(McLellan et al., 2011). Although four satellites are the minimum required, published 

literature within the discipline of sports science will often advocate the connection of 10 or 

more satellites to a GPS receiver (Weston et al., 2015). 

 GNSS is a collective term used to encompass all satellite navigation systems (Li et 

al., 2015); including GPS, which was developed and is operated by the United States 

Department of Defense; GLObal NAvigation Satellite System (GLONASS), developed and 

operated by the Russian Federation; Galileo, developed and operated by the European 

Union; and BeiDou, developed and operated by China. The quality and accuracy of the 
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GNSS data collected is influenced by several factors including the number of satellites 

available to the receiver. The theoretical minimum number of satellites required is four (Witte 

and Wilson, 2004), however it has been suggested that devices connected to less than six 

satellites would have weaker connection (Malone et al., 2017, Weston et al., 2015). By 

increasing the number of satellites available during tracking, GNSS receivers (i.e., multi-

constellation) are more sensitive than GPS receivers (i.e., single constellation) in 

quantifying the physical characteristics of team-sport movements (Jackson et al., 2018). In 

addition to number of satellites, the geometrical organisation of the satellites is of 

importance for signal quality and accuracy and is measured by horizontal dilution of 

precision (HDOP) (Buchheit et al., 2014a) with values typically ranging from 1.0 to 50.0 

(Varley et al., 2012b) but should not exceed 2.0 (Tahsin et al., 2015). Multi-constellation 

GNSS enabled devices achieve lower HDOP than GPS only devices (0.67 ± 0.06 vs. 0.89 

± 0.04, Effect Size [ES] = 1.85 ± 0.16, p < 0.001) (Jackson et al., 2018) which may indicate 

better signal quality. However, it is important to acknowledge that a good HDOP value does 

not guarantee more accurate positional data since HDOP measures a single source of error 

(i.e., satellite configuration). A more common issue within an urban and indeed elite sport 

environment is that of multipathing (see Figure 3) which occurs when satellite signals are 

reflected from building or stadium surfaces (i.e., grandstands) (Groves et al., 2013, Kumar 

et al., 2013, Zhang et al., 2018). HDOP is calculated purely from the geometrical 

organisation of the satellites (Malone et al., 2017), therefore multipathing does not change 

the HDOP values reported and remains an issue within many elite sport environments. 

 Distance is the most frequently reported variable derived from wearable technology 

within rugby league research (Hausler et al., 2016). GNSS devices can calculate distance, 

and speed, using either positional differentiation or the Doppler-shift method (Cummins et 

al., 2021). GNSS devices determine their location (i.e., latitude and longitude) by computing 

the distance between each satellite and the receiver, triangulating the receiver’s location 

(Malone et al., 2017). Positional differentiation involves calculating distance from the 

change in receiver location with each satellite signal (Varley et al., 2017). Positional 

differentiation enables the calculation of receiver speed using the concept of distance 

divided by time (Cardinale and Varley, 2017). However, greater accuracy and lower error 

rates are found when speed is calculated using the Doppler-shift method (Cormier et al., 

2023, Malone et al., 2017, Townshend et al., 2008). The Doppler-shift method refers to the 

change in frequency of the satellite signal (Howe et al., 2020) and calculates velocity by 

measuring the rate of change of the radio frequency signals due to the movement of the 

receiver (McLellan and Lovell, 2013, Schutz and Herren, 2000). Distance can then be 

derived through multiplying this almost instantaneous velocity by time (Malone et al., 2017). 
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Commercially available wearable athlete tracking systems usually calculate distance via 

positional differentiation and velocity via the Doppler-shift method (Malone et al., 2017). 

 

 
Figure 3: Principle of multipath signal (Kumar et al., 2013) 

  

The use of wearable athlete tracking devices (see Figure 4) to quantify the external load of 

team-sport athletes, for both research and practice, has increased substantially in recent 

years (Lacome et al., 2018, Malone et al., 2017). Given their widespread use it is important 

that the limitations of satellite derived data are understood to make appropriate inferences 

and decisions from the data. 

 

2.2.1.1.1 Validity and reliability 

The validity and reliability of GPS receivers from the perspective of their use in athlete 

tracking has been demonstrated extensively within the context of athlete tracking solutions 

(Clavel et al., 2022, Cormier et al., 2023, Crang et al., 2021a, Crang et al., 2021b, Crang et 

al., 2024, Delaney et al., 2018a, Luteberget and Gilgien, 2020, Luteberget et al., 2023, 

Malone et al., 2017). Various factors have been shown to impact validity and reliability 

including sampling rate (Johnston et al., 2014c), type of movement (Duffield et al., 2010), 

number of satellites (Oliva-Lozano and Muyor, 2022), and data processing methods used 

(Thornton et al., 2019). The validity and reliability of the most commonly used GPS-derived 

locomotive variables, such as: total distance, speed-based threshold distances, maximum 

speed, instantaneous speed, and acceleration metrics have been reviewed by Crang et al. 

(2021b) and is summarised below. 
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2.2.1.1.2 Total and speed-based threshold distance  

GNSS receivers accurately quantify total distance during a range of human locomotion 

activities including those with frequent changes of direction (Linke et al., 2018, Nikolaidis et 

al., 2018, Padulo et al., 2019, Rampinini et al., 2015, Rawstorn et al., 2014, Vickery et al., 

2014), continuous movements that do not incorporate frequent directional change (Beato 

et al., 2018, Edgecomb and Norton, 2006, Nikolaidis et al., 2018, Petersen et al., 2009), 

and circuits which replicate typical team sport movements (Jennings et al., 2010, Johnston 

et al., 2014c, Linke et al., 2018, Muñoz-López et al., 2017, Willmott et al., 2019). Validity 

improves as the distance travelled increases (Jennings et al., 2010, Muñoz-López et al., 

2017, Petersen et al., 2009), while frequent directional change appears to degrade accuracy 

(Duffield et al., 2010, Jennings et al., 2010, Vickery et al., 2014). Barr et al. (2019) 

demonstrated reliability for 15 Hz units (SPI HPU, GPSports, Carnberra, Australia) devices 

by reporting CV as 1.4% (1st Units: 4073 ± 189 vs. 2nd Units: 4108 ± 175). Direct 

comparisons between published literature are challenging due to method differences, 

filtering processes, sampling rates, and hardware used. For example, Vickery et al. (2014) 

demonstrated differences in distance outputs between 10 Hz (MinimaxX S4, Catapult, 

Melbourne, Australia) and 15 Hz (SPI-ProX, GPSports, Carnberra, Australia) GPS units, 

however the MinimaxX S4 device was true 10 Hz technology whereas the SPI-ProX was a 

5 Hz chip interpolated to 15 Hz (Hausler et al., 2016). Interpolation is suggested to enhance 

measurement accuracy compared to raw 5 Hz (Rawstorn et al., 2014), however Johnston 

et al. (2014c) found that true 10 Hz GPS devices measured movement with greater validity 

and interunit reliability than interpolated 15 Hz technology. The recommended minimum 

sampling rate of GPS athlete tracking devices, to minimise error, when quantifying total 

distance is 10 Hz (Crang et al., 2021b). 

 Discretising, often referred to banding, distance into speed-based thresholds (e.g., 

walking through to sprinting) is common practice amongst practitioners (Cummins et al., 

2013). Although application of speed-based threshold distances is popular (Oliva-Lozano 

and Muyor, 2022, Weaving et al., 2022), particularly within the context of rehabilitation and 

injury risk reduction strategies (Buchheit, 2019), the discretisation of a continuous variable 

into a categorical one can result in a large amount of information loss through over-

simplification of data (Crang et al., 2021b). Due to associated financial costs of high-speed 

three-dimensional (3D) motion analysis equipment, the body of literature assessing validity 

using this apparatus is relatively small (Crang et al., 2021b, Duffield et al., 2010). The most 

used criterion method to evaluate distance measurement accuracy is implementation of a 

predefined movement circuit with known spatial arrangements (Buchheit et al., 2014a, 
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Castillo et al., 2021, Hoppe et al., 2018, Rampinini et al., 2015, Rawstorn et al., 2014). 

Segmentation algorithms or change point analysis used to discretise data (Corbett et al., 

2019) also influence the validity of outcome measures therefore the appropriateness of 

algorithms used for this purpose should also be validated (Crang et al., 2021b). 

 When performing repeated straight-line running activities over a pre-measured 70 

m course, GNSS devices accurately measure total distance and high-speed running 

distance (running speed > 4.17 m.s-1) however validity significantly reduces when the 

defined very high-speed running zone (running speed >5.56 m.s-1) was achieved (Rampinini 

et al., 2015). Use of interpolated devices (e.g., devices estimated from a known 5 Hz data 

point to and unknown 15 Hz value) does not appear to improve validity (Linke et al., 2018). 

When performing a team sport-specific circuit, 18 Hz GPS devices demonstrated enhanced 

validity and reliability than 10 Hz devices (criterion: 129.6 m entire circuit; 10 Hz GPS 

126.9 ± 0.6 m; 18 Hz GPS 127.6 ± 0.3 m) however the statistical significance of these 

differences was not determined (Hoppe et al., 2018). Interestingly, Hoppe et al. (2018) 

reported that 10 Hz GPS devices connected to most likely a greater number of satellites 

that the 18 Hz devices (10 Hz: 12.5 ± 0.5 vs. 18 Hz: 9.6 ± 0.5, ES = 5.6) suggesting perhaps 

additional factors contribute to positional quality beyond those of satellite count and HDOP 

(e.g., orientation of GPS antenna within the wearable device). It is important for researchers 

and practitioners to interpret the outcome of validation studies in light of the reference 

methods used (Luteberget et al., 2023). Two reference systems recently shown to 

demonstrate profound differences in measured distance (+6% to -17%), leading Luteberget 

et al. (2023) to state that choice of criterion measure and reference system has a substantial 

impact accuracy assessments of tracking technology systems. Advances in 

microtechnology facilitate higher sampling rates, multi-constellation GNSS receivers, and 

positional correction through real-time kinematics therefore further investigation is required 

to substantiate the effects of these enhancements.  

 

2.2.1.1.3 Peak and instantaneous speed 

The association between high-speed running exposures and injury risk underscores the 

importance of accurate assessment of maximum speed within an athlete tracking setting 

(Malone et al., 2017). During straight line sprinting protocols, GNSS devices have been 

shown to accurately measure maximum speed (Akenhead et al., 2014, Barr et al., 2019, 

Beato et al., 2018, Clavel et al., 2022, Cormier et al., 2023, Varley et al., 2012b). Straight 

line sprinting within the context of human performance is a relevant protocol since maximum 

speed is often achieved by an athlete during a straight-line sprint in a relatively open space 

(Crang et al., 2021b).  
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 A limitation within literature investigating the efficacy of GNSS technology to 

measure maximum speed is the use of timing gates as a criterion measurement (Hoppe et 

al., 2018). Timing gates are incapable of measuring instantaneous peak speed since they 

calculate average speed by measuring time over a set distance (Crang et al., 2021b) 

therefore use of three-dimensional motion analysis or a radar gun may be more suitable.  

 Clavel et al. (2022) utilised a Stalker Pro II Sports Radar Gun sampling at 46.875 

Hz as a criterion measurement of maximum speed. During each sprint, the athlete wore two 

Vector S7 devices with the aim of concurrently determining validity (i.e., microtechnology 

device in comparison to radar gun) and inter-unit reliability (i.e., microtechnology devices in 

comparison to one another). These authors established that criterion maximum speed was 

8.84 ± 1.06 m.s-1 whilst Vector S7 device one reported 8.81 ± 1.06 m.s-1 and Vector device 

two reported 8.81 ± 1.05 m.s-1. From a validity perspective, this equates to a standardised 

mean bias of -0.05 (-0.11 to 0.01), from the perspective of interunit reliability this equates to 

an intraclass correlation coefficient of 0.99 (0.98 to 1.00) with sensitivity reported as ‘good’.  

 When comparing different microtechnology GNSS manufacturers to a criterion 2.56 

kHz MuscleLab speed laser, Crang et al. (2024) reported a 7.1 ± 1.0 m.s-1 criterion 

measurement of maximum speed alongside a 7.0 ± 1.0 m.s-1 by Vector S7 (Catapult Sports, 

Melbourne, Australia) and 7.4 ± 1.0 m.s-1 by Apex Pro (Statsports, Newry, Northern Ireland) 

devices. For instantaneous speed, the MuscleLab speed laser recorded and average 

instantaneous speed of 5.7 ± 1.8 m.s-1 whilst the Vector S7 reported 5.7 ± 1.7 m.s-1 and the 

Apex Pro device recorded 5.7 ± 1.7 m.s-1 whilst the MuscleLab speed laser 5.7 ± 1.7 m.s-1. 

Apex Pro and Vector S7 reported a RMSE of 0.16 ± 0.02 and 0.15 ± 0.04, respectively 

(Crang et al., 2024) with the authors concluding that practitioners can be confident of the 

peak and instantaneous speed measures provided by both providers during straight line 

running. 

 Validity of instantaneous speed varies when specific components of straight-line 

movement are assessed (Barr et al., 2019, Varley et al., 2012b). For example, Varley et al. 

(2012b) found when using 5 Hz devices that decelerations were inaccurately measured 

when starting speed was high (5-8 m.s-1) with CV as percentage (33.2 ± 1.64%) reported 

lower when 10 Hz devices were analysed (11.3 ± 0.44%). From a reliability standpoint, 

Varley et al. (2012b) reported a CV as a percentage for 5 Hz as 31.8 ± 2.99% whereas for 

10 Hz devices this was reported as 6.0 ± 0.33% therefore demonstrating superior validity 

and reliability with devices sampling at a higher rate. Inter-unit reliability of 15 Hz devices 

(SPI HPU, GPSports, Canberra, Australia) was demonstrated with a CV as 1.0% (1st Units: 

8.84 ± 0.14 m.s-1 vs. 2nd Units 8.83 ± 0.12 m.s-1). Reliability improves significantly when peak 

speed is attained through straight-line sprinting with CV ranging from 7.5 to 9.2% (Johnston 

et al., 2012). However, during frequent change of direction and low intensity running using 



 

 36 

15 Hz devices, reliability is less clear with CV ranging from 5.4% to 20.9% (Vickery et al., 

2014). Further research using non-interpolated technology is required during activities 

which encompass frequent change of direction. 

 

2.2.1.1.4 GNSS derived acceleration and deceleration metrics 

Within the context of team sports, movements performed during training and match-play 

often require athletes to accelerate, decelerate, and change direction (Delaney et al., 

2018a). Moreover, acceleration and deceleration profiles have been associated with 

indicators of muscle damage (Gastin et al., 2019, Young et al., 2012) and are regularly 

reported variables during studies investigating the match characteristics of football-code 

team sports (Kempton et al., 2015b, Varley et al., 2014). In addition to literature using 

acceleration and deceleration events to describe match characteristics, Nedelec et al. 

(2014) reported decreases in neuromuscular performance and increases in perceived 

muscle soreness, which was dependent on number of sprints and changes of direction 

performed during match-play, in the 72 hour period post-match. Acceleration and 

deceleration events and distances are generally derived from the GNSS chip housed inside 

the wearable device, through measures of change in instantaneous speed (Crang et al., 

2021b).  

 Use of three-dimensional motion capture (VICON Vantage 5; Oxford Metrics Ltd, 

Oxford, United Kingdom at 100Hz) as a criterion measurement of acceleration has shown 

that acceleration data extracted from 10 Hz GNSS devices is valid (Delaney et al., 2019). 

However, when compared to raw GNSS data (mean bias raw units: -0.23 (-0.28 to -0.18), 

mean bias standardised units: -1.16 (-1.41 to -0.90), ES: Moderate), validity appears to 

reduce when data is exported from manufacturers software (mean bias raw units: -0.74 [-

0.79 to -0.69]), mean bias standardised units: -3.77 (-4.02 to -3.51), ES: Very Large) 

(Delaney et al., 2019). This may be explained by filtering and smoothing techniques applied 

to the raw data by different manufacturers (Crang et al., 2021b). 

 Starting speed effects the accuracy of the detection of acceleration events, with 

higher starting velocities (3-5 m.s-1 and 5-8 m.s-1) showing improved validity than lower 

starting velocities (1-3 m.s-1) when using both 5 Hz and 10 Hz devices (Varley et al., 2012b). 

This finding has important implications since magnitude of acceleration is greater at lower 

starting velocities (Crang et al., 2024), high initial acceleration appears to compromise the 

validity of 5 Hz and interpolated 15 Hz devices (Barr et al., 2019, Varley et al., 2012b), with 

10 Hz devices providing a greater degree of validity when compared (Akenhead et al., 2014, 

Varley et al., 2012b). Using a laser sampling at 2000 Hz (optoNCDT ILR 1191, Micro-Epsilon 

Messtechnik GmbH & Co, Germany), Akenhead et al. (2014) demonstrated that the validity 
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and reliability of 10 Hz GPS devices (MinimaxX S4, Catapult Sports, Melbourne, Australia) 

for the measurement of instantaneous speed inversely related to acceleration noting that 

detection of accelerations which exceed 4 m.s-2 are compromised (mean bias during 0-1 

m.s-2 accelerations: 0.12 ± 0.27 m.s-1, mean bias during 1-2 m.s-2 accelerations: 0.08 ± 0.31 

m.s-1, mean bias during 2-3 m.s-2 accelerations: 0.02 ± 0.35 m.s-1, mean bias during 3-4 m.s-

2 accelerations: -0.10 ± 0.28 m.s-1,mean bias during >4 m.s-2 accelerations: -0.40 ± 0.62 m.s-

1). Using a laser sampling at 50 Hz (LAVEG Sport, Jenoptik, Jena, Germany), Varley et al. 

(2012b) demonstrated acceptable validity for 10 Hz GPS devices (MinimaxX S4, Catapult, 

Melbourne, Australia) to capture accelerations at a starting speed of 1-3 m.s-1, 3-5 m.s-1, and 

5-8 m.s-1 (CV 5.9 ± 0.23%, 4.9 ± 0.21%, and 3.6 ± 0.18%, respectively). However, validity 

was substantially lower to when measuring decelerations from and initial speed of 5-8 m.s-

1 (CV 11.3 ± 0.44%) with overestimation of magnitude of acceleration of 8.9 ± 0.8% (Varley 

et al., 2012b). 

 The frequency of acceleration and deceleration efforts are amongst the most 

common measures reported by sport scientists (Aughey, 2011), with reliability generally 

dependent upon the threshold set (Buchheit et al., 2014b, Delaney et al., 2018a). Delaney 

et al. (2018a) demonstrated that 5 Hz GPS devices (SPI HPU, GPSports, Canberra, 

Australia) displayed suitable reliability when detecting low (1-2 m.s-2) and moderate (2-3 

m.s-2) intensity (5.1% [4.0 to 6.9%] and 3.7% [2.9 to 5.0%], respectively) however detection 

of high (>3 m.s-2) intensity efforts were less reliable (13.2% [10.5 to 18.1%]). When 

compared to 10 Hz GNSS devices (OptimEye S5, Catapult Sports, Melbourne, Australia), 

reliability of acceleration effort detection was similar at low and moderate intensity (4.4% 

[3.4 to 6.0%]) and 5.3% (4.2 to 7.3%), respectively) but were less reliable when measuring 

high intensity efforts (5.9% [4.7 to 8.2%]) (Delaney et al., 2018a). Detection of deceleration 

efforts using the same 5 Hz and 10 Hz devices was suitable at low, moderate, and high 

intensity thresholds (5 Hz: 4.6% (3.7 to 6.3%) vs. 10 Hz: 3.3% (2.6 to 4.5%), 5 Hz: 4.8% 

(3.8 to 6.6%) vs. 10 Hz: 5.2% (4.1 to 7.2%), 5 Hz: 6.5% (5.2 to 8.9%) vs. 10 Hz: 4.8% (3.8 

to 6.6%), respectively) (Delaney et al., 2018a). 

 Various data processing methods have also been shown to alter summary metrics 

of acceleration data, with Ellens et al. (2024) reporting significant differences in raw, custom-

processed, and manufacturer-processed acceleration variables. An alternative GNSS 

derived acceleration metric which demonstrates superior reliability is average acceleration 

(Thornton et al., 2019). Thornton et al. (2019) analysed the inter-unit reliability of three 

GNSS devices (Evo, GPSports, Canberra, Australia; OptimEye S5, Catapult Sports, 

Melbourne, Australia; and Apex, Statsports, Newry, Northern Ireland). The authors identified 

differences in inter-reliability between manufacturers. The Evo and OptimEye S5 devices 

were found to have a CV less than 5% for low intensity (CV%; ±95% CL, Evo: 4.2%; ±1.5, 
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OptimEye S5: 3.4%; ±1.6), moderate intensity (Evo: 2.7%; ±1.5, OptimEye S5: 3.1%; ±1.6), 

and high intensity (Evo: 1.4%; ±1.5, OptimEye S5: 2.1%; ±1.6) acceleration distances 

(Thornton et al., 2019). However the Apex device demonstrated poorer inter-unit reliability 

when measuring acceleration meters at low intensity (8.6%; ±1.5), moderate intensity 

(19.7%; ±1.5), and high intensity (6.6%; ±1.5) (Thornton et al., 2019). Average acceleration 

by comparison was reliable for both Evo and Apex devices (1.2%; ±1.5, 3.6%; ±1.5) during 

this study. Although average acceleration provides a more reliable alternative to traditional 

acceleration efforts and distances, differences between manufacturers are evident (Delves 

et al., 2022a, Thornton et al., 2019). Raw acceleration efforts (>2 m.s-2) (Evo: 3.8 ± 2.8 vs. 

Apex: 10.0 ± 7.6, ES -1.1 (-1.4 to -0.7)) and raw average acceleration (Evo: 0.37 ± 0.11 m.s-

2 vs. Apex: 1.19 ± 0.27 m.s-2, ES -3.72 (-4.95 to -2.50)) was significantly higher when 

reported using the Apex devices (Delves et al., 2022a). Coaches, practitioners and 

researchers must consider the effects of data processing methods upon summary variables 

and how different techniques used can alter the quantification of match characteristics.  

 

2.2.1.2 Inertial Measurement Units (IMUs) 

The body of literature within the context of quantifying match characteristics in football-code 

team sports has mostly concentrated on the use of displacement metrics such as total 

distance and high-speed running distance (Cummins et al., 2013). This is an observation 

consistent with research outputs within rugby league specifically (Hausler et al., 2016). 

Inertial sensors (including accelerometers, gyroscope and magnetometer), often referred to 

as IMUs, typically sample at higher rates than GNSS receivers (e.g., 100 Hz compared to 

5-15 Hz) and are considered as having a notable advantage in that they do not rely on 

satellite connectivity which can be influenced by external factors (Crang et al., 2024). Inertial 

measurement units have emerged as a tool with the potential to measure stride related 

variables during human locomotion and reflect changes in running gait such as postural 

control (Akenhead et al., 2017). 

 The most common use of IMUs is the calculation of accelerometer-derived 

accumulated load metrics such as PlayerLoadTM (Catapult Sports, Melbourne, Australia) 

(Cormack et al., 2013, Kempton et al., 2015c, Page et al., 2015, Scott et al., 2013) and 

Body Load (GPSports, Canberra, Australia) (Cunniffe et al., 2009). Derived from the tri-axial 

accelerometer, PlayerLoadTM is a composite vector magnitude expressed as the square 

root of the sum of the squared instantaneous rates of change in acceleration in each of the 

3 planes divided by 100 (Boyd et al., 2011, Weaving et al., 2019a). Body Load (measured 

as G-force) is the collation of all forces imposed on an athlete, including accelerations, 
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decelerations, changes of direction and impacts from both the player-to-player collision and 

contact with the ground (e.g., foot strikes and falls) (Cummins et al., 2013). 

 

2.2.1.2.1 Reliability of IMUs 

PlayerLoadTM when captured using MinimaxX S4 devices (Catapult Sports, Melbourne, 

Australia) has been shown to be a reliable variable with values obtained during trials 

demonstrated to not differ significantly (184.7 ± 25.2 vs. 186.4 ± 27.6, p = 0.943) during an 

incremental treadmill running protocol (Barrett et al., 2014). Barreira et al. (2017) calculated 

PlayerLoadTM using IMU data captured with Viper (Statsports, Newry, Northern Ireland) 

devices in multidirectional movements and revealed moderate-to-high reliability with values 

during trials not differing significantly during jogging (trial 1: 13037.8 ± 2309.7 vs. trial 2: 

12448.0 ± 1803.4, p = 0.118), side cutting (trial 1: 2861.0 ± 507.9 vs. trial 2: 2773.7 ± 422.9, 

p = 0.260), striding (trial 1: 655.2 ± 172.7 vs. trial 2: 652.3 ± 159.5, p = 0.929), or sprinting 

(trial 1: 1442.2 ± 280.4 vs. trial 2: 1385.4 ± 324.4, p = 0.102).  

 Contrasting findings have been reported for inter-device reliability in relation to the 

measurement of PlayerLoadTM with Nicolella et al. (2018) demonstrating effect sizes 

(Cohen’s d; 95% CI) of small (0.54; 0.34–0.74) to large (1.20; 1.08–1.30). PlayerLoadTM 

calculated using proprietary software has been shown to be 15% lower that when compared 

to manual calculation using published formula, although intra-device reliability was 

considered excellent with CV ranging from 0.01% to <3.0% (Nicolella et al., 2018). Boyd et 

al. (2011) demonstrated within-device reliability of 1.01% and between-device reliability of 

1.10%. Kelly et al. (2015) used SPI ProX II (GPSports, Canberra, Australia) devices and 

reported 1.87-2.21% intra-unit reliability whereas Krasnoff et al. (2008) found CV of 0.6% 

for intra-unit and 9.5-34% inter-unit reliability. Different methodologies may explain such 

contrasting outcomes (e.g., Kelly et al. (2015) utilised a purpose-built mechanical device 

capable of reproducing highly consistent impacts whilst Krasnoff et al. (2008) measured 

reliability using a HS 260 (IKA Works, Inc, Wilmington, NC) reciprocating shaker) as well as 

different statistical analysis techniques used. 

 The noise (i.e., coefficient of variation) of PlayerLoadTM is lower than the signal (i.e., 

smallest worthwhile difference) (Boyd et al., 2011), suggesting that IMUs can detect 

changes or differences in physical activity during football-code team sports. However, it is 

important to note that absolute output values by EPTS can be influenced by the type of 

filtering utilised by the wearable manufacturer (Malone et al., 2017). Although the low signal-

to-noise ratio supports the use of accelerometer metrics, their large between-player 

variation limits their comparisons between individuals (Barrett et al., 2016). 
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 In addition to PlayerLoadTM, inertial sensors are also capable of reliably detecting 

explosive movements (Luteberget et al., 2018) including jumps (Spangler et al., 2018). 

Luteberget et al. (2018) analysed Catapult Sports proprietary algorithm, termed Inertial 

Movement Analysis (IMA), and demonstrated that OptimEye S5 devices could reliably 

measure low intensity (device 1: 416.5 ± 97.7 vs. device 2: 417.2 ± 97.2 2.7, CV = 2.7%), 

medium intensity (device 1: 120.3 ± 31.6 vs. device 2: 120.4 ± 31.7, CV = 4.6%), and 

medium-plus-high intensity (device 1: 189.2 ± 55.8 vs. device 2: 189.7 ± 56.4, CV = 3.1%) 

actions. When analysing jumps detected by using Catapult Sports proprietary algorithms, 

Spangler et al. (2018) demonstrated an accuracy of 99.3% with a sensitivity of 95.8% and 

a specificity of 99.7% therefore concluding that practitioners can monitor jumping-based 

workloads with confidence.  

  

2.2.1.2.2 Application of IMUs in rugby football codes 

Derivates of PlayerLoadTM metrics and custom variables using IMUs have proven useful 

within rugby union (Chambers et al., 2015, Chambers et al., 2019, Couderc et al., 2023, 

Lokteff et al., 2020, MacLeod et al., 2018, Menzies et al., 2024, Reardon et al., 2016, Roe 

et al., 2016a, Tierney et al., 2020) and rugby league (Gabbett et al., 2010, Hulin et al., 2017) 

for the purposes of collision-based event detection.  

 Roe et al. (2016a) reported that PlayerLoadTM and PlayerLoadTM slow (PLslow), 

which is defined as PlayerLoadTM captured at 2 m.s-1 or less, demonstrated a very large 

relationship with total collisions in the forwards whilst PLslow demonstrated the largest 

(large) relationship with collisions in the backs. These authors suggested that based on the 

strong relationship in both forwards and backs, PLslow may provide the most useful metric 

for measuring collision-based activity in both positional groups within rugby union. Scrum 

event detection during rugby union has been shown to be accurate within both training 

(87.6%; sensitivity 0.89, specificity 0.87) and match-play (93.6%; sensitivity 0.94, specificity 

0.94) situations, however accuracy is compromised in scrum situations involving five or less 

players which may have implications in training specifically (Chambers et al., 2019). 

 In addition to scrum events, IMUs have also been shown to quantify the number of 

collisions (MacLeod et al., 2018, Reardon et al., 2016) and more recently contact 

involvements (defined as a tackle, ball carry and hitting a ruck) using Catapult Sports 

proprietary algorithms (Couderc et al., 2023, Menzies et al., 2024). MacLeod et al. (2018) 

compared collision events captured by Viper (Statsports, Newry, Northern Ireland) devices 

with video coded tackles and carries. These authors reported that EPTS could accurately, 

sensitively and specifically identify collision events (93.3%, 93.8% and 92.8%, respectively). 

A retrospective analysis using players from a single professional rugby union side in elite 



 

 41 

French competition demonstrated a significant correlation (r = 0.75, p < 0.001) between 

collision events per minute detected by Vector S7 (Catapult Sports, Melbourne, Australia) 

microtechnology (1.02 (± 0.54)) and those coded by a video analyst (0.79 (± 0.37)) (Couderc 

et al., 2023). Couderc et al. (2023) also reported mean intensity of collisions using 

gravitational force (g force) and reported that backs (8.5 g (±2.9 g)) experienced significantly 

greater collisions than forwards (7.8 g (±2.4 g)) which is attributed to more frequent bouts 

of acceleration and high-speed running efforts performed by backs which increase impact 

force of collisions. Menzies et al. (2024) reported a sensitivity for attacking ruck hit (Forward: 

74.5%, Back 75.2%), defensive ruck hit (Forward: 80.6%, Back 70.2%), ball carry (Forward 

90.0%, Back 87.0%) and tackle made (Forward 80.3%, Back 70.7%) when comparing the 

Catapult contact involvement algorithm against those coded by video analysts. However, 

it’s important to note that these studies were performed using single team observations 

therefore the generalisability of findings should be applied with caution. Additionally, 

weather and surface conditions have not been reported in any study cited above 

investigating the relationship between IMU and notational contact detection. The firmness 

of the ground could have a substantial influence on the magnitude of collisions experienced 

in rugby union match-play and therefore should be considered in future research (Tierney 

et al., 2020). 

 

 
Figure 4: EPTS device including inertial system (Lokteff et al., 2020) 

 
2.3 Quantifying Rugby League Match Characteristics 

The outcome of a rugby league match is related to the performance of both competing 

teams, however performance in this context cannot be directly quantified through a single 

variable due to the multifactorial nature of match-play (e.g., score-line, positions of players 

on the pitch, or environmental conditions) (Dalton-Barron et al., 2020b). Quantification of 
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the physical characteristics of rugby league is further complicated and thus difficult to 

determine due to the differences in methods used within studies (Sirotic et al., 2011).  

Three constructs relevant to match-play performance are physical (i.e., locomotor 

and collision characteristics), technical (i.e., individual’s skill), and tactical (i.e., interaction 

with other individuals) (Impellizzeri and Marcora, 2009). These constructs of performance 

are closely related. For example, players and coaches frequently make tactical decisions 

that affect player positioning on the field and player locomotion characteristics, and 

therefore improved knowledge of their relationship may enhance coaches understanding of 

why an athlete has completed a particular movement (Dalton-Barron et al., 2020b). 

Research within football-code team sports (i.e., soccer) has shown that match status (i.e., 

win, draw, lose) and location (i.e., home, away), level of opposition (i.e., top, middle bottom), 

and match halves impact the physical and technical characteristics of players (Castellano 

et al., 2011, Lago-Peñas and Lago-Ballesteros, 2011, Lago et al., 2010, Rampinini et al., 

2009). Gaining a better understanding of these constructs as they relate to match-play 

allows coaches to increase the specificity and effectiveness of their training and preparation 

practices (Cummins et al., 2013).  

 

2.3.1 Locomotor characteristics 

Attempts to better understand the locomotor characteristics of physical performance within 

football-code team sports, through the application of time-motion analysis methods, date 

back to the mid-1970’s (Reilly and Thomas, 1976). Time-motion analysis encapsulates the 

quantification of players movement characteristics and includes notational analysis, manual 

video-based analysis, semi-automated and video-computerised analysis systems, and 

more recently microtechnology in the form of GPS devices (Cunneen and Borges, 2020). 

The earliest attempt within the context of rugby league to understand the locomotor 

characteristics of match-play using notational analysis techniques took place in the early-

1990’s and included analysis of four positional groups across two matches (Meir et al., 

1993). Advances in TMA methodologies (e.g., the widespread use of microtechnology 

devices containing GNSS or local positioning systems [LPS]) allows researchers and 

practitioners to collect, analyse and report data from rugby league matches on a large scale. 

This increase in the accessibility of technology has facilitated a substantial increase in 

research in this area.  

Distance covered is the most common variable reported within studies investigating 

the physical match characteristics of rugby league (Glassbrook et al., 2019). A systematic 

review and meta-analysis (Hausler et al., 2016) reported that junior (mean [95% CI]; 2669 

[2557 to 2780] m) players covered substantially less (p < 0.001) distance than elite (6619 
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[6235 to 7003] m) and sub-elite (6219 [5640 to 6799] m) players, however, there were no 

significant differences between elite and sub-elite levels. It must be noted though that junior 

match-play data presented in this review is drawn from one study in which playing time was 

lower than that of elite and sub-elite level (low-standard junior 30 ± 8 minutes to high-

standard junior 36 ± 6 minutes) (Johnston et al., 2015b). A more appropriate variable to 

account for the vast difference in match duration is average speed which was significantly 

different (p = 0.04) between elite players (92 [90 to 94] m.min-1) and sub-elite players (90 

[86 to 90] m.min-1), with both covering significantly more (p < 0.002) than junior players (80 

[74 to 85] m.min-1) (Hausler et al., 2016). A more recent meta-analysis by Glassbrook et al. 

(2019) demonstrated that 70% of studies analysing match characteristics of rugby league 

included total distance and reported pooled means of 5367 (95% CI: 4990 to 5745) m for 

forwards, 7057 (95% CI: 6552 to 7562) m for adjustables, and 7064 (95% CI: 6641 to 7488) 

m for backs (Glassbrook et al., 2019).The results of this meta-analysis are presented in 

Table 1. Although forwards cover significantly less (p < 0.001) distance than the other 

reported positional groupings used within the meta-analysis, a limitation of the positional 

groupings is the overlap of positions within literature. For example, qualifying studies have 

considered half-backs within the adjustables positional subgroup (Austin and Kelly, 2014, 

Gabbett et al., 2012, Gabbett, 2013b) whereas other qualifying studies included half-backs 

in the backs positional subgroup (Austin and Kelly, 2013)). In addition to measures of total 

distance, wearable microtechnology provides researchers and coaches with the ability to 

categorise running into thresholds or zones however comparisons between studies are 

challenging due to the application of different methods used. For example, Weaving et al. 

(2017a) labelled high speed running distance as 5 to 7 m.s-1 and sprint distance as >7 m.s-

1 whereas Dempsey et al. (2018) labelled running as >65% of a players maximum speed. 

No significant difference was found when comparing the pooled mean total distance 

covered by adjustables and backs (p = 0.983) (Glassbrook et al., 2019). However, in one 

study comparing different levels of competition (NRL vs. New South Wales Premier League 

[NSWPL]), researchers reported significant differences between elite (i.e., NRL) players and 

semi-elite (i.e., NSWPL) players high-intensity running (elite: 36.7 ± 9.8 m vs. semi-elite: 

29.6 ± 7.8 m, p = 0.001) and very high-intensity running (elite: 14.4 ± 5.1 m vs. semi-elite: 

11.5 ± 3.8 m, p = 0.007) distance (Sirotic et al., 2009). This research is supported by findings 

by McLellan and Lovell (2013) who reported that elite players covered substantially greater 

sprint distance than semi-elite (i.e., Queensland Cup) and junior (i.e., National Youth 

Competition) players (elite: 413 ± 60 m vs. semi-elite: 298 ± 52 m, junior 237 ± 48 m, p < 

0.05). 
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Table 1: Descriptive locomotor characteristics of rugby league match-play, data extracted 

from Glassbrook et al. (Glassbrook et al., 2019) systematic review and meta-analysis.  

Positional Group Forwards Adjustables Backs All Positions 

Playing time (minutes) 
57.7  

[54.1, 61.3] 

74.9  

[70.5, 79.2] 

83.4  

[79.0, 87.8] 

64.8  

[59.5, 70.1] 

Total distance (m) 
5367  

[4990, 5745] 

7057  

[6552, 7562] 

7064  

[6641, 7488] 

6215  

[5741, 6688] 

Average speed (m·min-1) 
92.0  

[89.0, 95.0] 
99.0  

[95.3, 102.8] 
87.8  

[84.1, 91.4] 
94.0  

[90.3, 97.6] 

Slow-speed running distance (m) 
4826  

[4385, 5267] 

7056  

[6467, 7644] 

6173  

[5688, 6659] 

5895  

[5367, 6422] 

High-speed running distance (m) 
335  

[268, 401] 

474  

[389, 559] 

563  

[486, 640] 

380  

[288, 472] 

RHIE Bouts (n·min-1) 
0.22  

[0.18, 0.25] 
0.17  

[0.13, 0.21] 
0.14  

[0.11, 0.18] 
0.18  

[0.16, 0.21] 
Data presented as mean and 95% confidence intervals  

Slow-speed running distance <5 m.s-1 

High-speed running distance >5 m.s-1 

 

Differences in total distance covered are most likely a consequence of significantly less (p 

< 0.001) time on-field since backs generally have a longer playing time during the match 

than forwards and thus have a more time to accumulate distance. Given the differences in 

playing time (Cummins and Orr, 2015, Dempsey et al., 2018, Evans et al., 2015, Glassbrook 

et al., 2019, Twist et al., 2014, Waldron et al., 2011) and use of interchanges in rugby league, 

it is especially important to consider the average running speed of match-play, alongside 

the total distance, when comparing between positional groups. Average speed (measured 

in meters per minute; m.min-1) is the second most popular variable reported within rugby 

league match-play research (Glassbrook et al., 2019). Meta-analysis by which included 19 

of 30 studies (63%), reported pooled means of 92.0 (95% CI: 89.0 to 95.0) m.min-1 for 

forwards, 99.0 (95% CI: 95.3 to 102.8) m.min-1 for adjustables, and 87.8 (95% CI: 84.1 to 

91.4) m.min-1 for backs (Glassbrook et al., 2019). Forwards reported significantly less (p = 

0.004) average speed than adjustables. Both forwards (p = 0.079) and adjustables (p < 

0.001) reported significantly higher average speed than backs. 

Average speed, presented regularly within literature as ‘relative distance’ and 

occasionally as ‘work rate’, is often presented alongside cumulative metrics in absolute 

terms whereby data are reported per a whole- or half-match (Cummins et al., 2013). This 

method of analysis provides useful insight into the volume players are expected to perform 

when analysing cumulative metrics and has been shown to highlight differences between 

levels of match-play (McLellan and Lovell, 2013, Read et al., 2017) and between positional 
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categories (Austin and Kelly, 2013, Gabbett et al., 2012). Conversely, recent research has 

demonstrated that there is little difference between positional categories (forwards vs. 

backs) or playing level (professional vs. semi-professional (Johnston et al., 2019a). Whilst 

useful for proving insight into the volume characteristics, the whole- or half-match approach 

does not represent the peak intensities of match-play and therefore application of bespoke 

methods (e.g., moving averages, segmental and ‘ball-in-play’) are required to understand 

peak characteristics players may be required to perform (Whitehead et al., 2018).  

Fixed-time epochs (e.g., 0-5, 6-10 minutes etc) reported approximately 20-25% 

underestimation of peak high-speed running distance than a rolling average 5 minute time 

epoch (Varley et al., 2012a). Using a rolling average method to extract peak average speed, 

peak average acceleration, and peak average accelerometer load, Johnston et al. (2019a) 

revealed little difference between playing standards, with only small differences in average 

speed (professional forwards 167.2 ± 23.4 m.min-1 vs. semi-professional forwards 161.1 ± 

13.1 m.min-1; ES: 0.35; 0.15 to 0.55). These authors also revealed no difference in peak 

average speeds between positional categories at professional level (professional forwards 

167.2 ± 23.4 m.min-1 vs. professional backs 168.0 ± 32.0 m.min-1), however there was 

significantly (p < 0.05) greater peak average speed for backs than forwards in semi-

professional competition with small to moderate differences (semi-professional forwards 

161.1 ± 13.1 m.min-1 vs. Semi-professional backs 167.5 ± 13.4 m.min-1; ES range: 0.60-

0.39). Method differences, particularly the application of linear mixed-effects models within 

the statistical analysis, in addition to increased perception of professionalisation within the 

semi-professional rugby league match-play, and different microtechnology devices used 

could explain different findings between this study and previous literature. During 

international rugby union, the fixed-time method underestimated average speed (~11%) and 

high-speed running values (up to 20%) compared to the rolling average method 

(Cunningham et al., 2018), which is an important consideration for future research aiming 

to determine peak match characteristics. Ball-in-play (BIP) analyses is an important 

consideration within rugby league due to the intermittent nature of the sport with the ball 

shown to be in play for approximately 57% of the duration of matches (mean ± SD; Whole-

match: 84.5 ± 3.0 minutes vs. BIP: 47.9 ± 4.1 minutes) (Gabbett, 2015). Moreover, BIP 

analyses is important within the context of rugby league due to the large difference in 

average speed when using this technique (Whole-match: 86.7 ± 9.8 vs. BIP: 125.1 ± 16.1, 

ES: 2.88) (Gabbett, 2015). 

The ability to accelerate and decelerate are important attributes for successful 

performance in many team sports including rugby league (Delaney et al., 2018a, Delves et 

al., 2022b). The number of acceleration and deceleration efforts completed by players are 

popular variables within the applied team sport setting, however these are not commonly 



 

 46 

analysed variables within the literature. A mere 10% of studies within rugby league 

published literature reported pooled mean total accelerations (>2.78 m.s-2) of 58.7 (95% CI: 

24.0 to 93.4) for forwards, 78.3 (29.2 to 127.4) for adjustables, and 65.8 (16.7 to 114.9) for 

backs and pooled mean total decelerations (<-2.78 m.s-2) of 69.2 (95% CI: 51.9 to 86.5) for 

forwards, 93.3 (95% CI: 68.8 to 117.8) for adjustables, and 82.7 (95% CI: 58.3 to 107.1) for 

backs (Glassbrook et al., 2019). The application of thresholds (e.g., >3.5 m.s-2) to capture 

high-intensity accelerations within team sports is common however recently continuous 

variables such as acceleration density have been proposed (Delaney et al., 2016a). The 

approach of using thresholds in this manner (i.e., discretising a continuous variable into a 

categorical one) is problematic (Carstensen, 2020) particularly in the context of continuous 

acceleration variables since low intensity, moderate intensity, and high intensity acceleration 

meters have shown smallest worthwhile change (SWC) of 4.9%; ±1.3, 8.9%, ±1.3, and 

34.8%; ±1.3, respectively; whereas acceleration density demonstrated an SWC of 1.8%; 

±1.3 (Thornton et al., 2019). Recent research supports this finding and has shown that 

discretised acceleration metrics have shown good to poor reliability whereas average 

acceleration demonstrated good inter-device reliability (Crang et al., 2021a). Acceleration 

density, commonly referred to as average acceleration, is measured in meters per second 

squared (m.s-2) and is calculated by taking the absolute value of all acceleration and 

negative acceleration (i.e., deceleration) data, and averaging over the duration of the 

defined period (Delaney et al., 2018a). Acceleration density is more reliable (CV: 1.2% [90% 

CI: 1.0 to 1.7%]) than traditional low to high acceleration and deceleration counts which 

range from 4.4 – 5.9% CV and 3.3 – 4.8% CV, respectively (Delaney et al., 2018a). 

Acceleration density is an increasingly popular variable being reported within male and 

female rugby league literature (Cummins et al., 2021, Delves et al., 2022b). Elite level 

female rugby league players participating in National Rugby Women’s League have 

demonstrated peak acceleration density values during 60 s epochs of 0.72 ± 0.02 m.s-2 for 

forwards, 0.77 ± 0.02 m.s-2 for adjustables, and 0.77 ± 0.02 m.s-2 for backs within the 

literature (Cummins et al., 2021). Adjustables and backs reported significantly greater (p ≤ 

0.05) acceleration density in these 60 s epochs than forwards. The mean acceleration of 

elite male rugby league players participating in NRL was reported in 2019 as 0.91 ± 0.07 

m.s-2, 2020 as 1.02 ± 0.10 m.s-2, and 2021 as 1.06 ± 0.07 m.s-2 (Delves et al., 2022b). The 

substantially greater (>0.6 SD) mean acceleration in 2020 and 2021 season than in season 

2019 was attributed to the introduction of the ‘six-again’ rule. 

 



 

 47 

2.3.2 Collision characteristics 

In addition to the commonly applied measurements of athlete locomotion, microtechnology 

devices contain tri-axial accelerometers, gyroscopes and magnetometers and have been 

shown to provide a valid and reliable means of quantifying collision characteristics of 

performance during rugby league matches (Hulin et al., 2017). Collisions in the form of ball 

carries and tackles can also be derived from TMA which, whilst adding to the granularity of 

possible analysis, adds to the complexities of aggregating findings across studies. 

Of the 30 studies included within Glassbrook et al. (2019) meta-analyses, 10 studies 

reported collisions with a pooled average (95% CI) for the whole squad of 25.6 (21.2, 29.9). 

However, the range of collisions reported is considerable (17.9 (17.2, 18.6) (Gabbett, 

2013b) to 43.0 (41.6, 44.4) (Murray et al., 2014)). Such vast differences may be explained 

by contextual factors including turnaround of matches, sample size included with the study, 

and year of investigation in the event the sport may have been subjected to rule changes 

between included manuscripts. The ranges in the values reported for collision 

characteristics of match-play for the ‘whole-squad’ could also be due to the differences in 

physical characteristics between positions and positional groups (Austin and Kelly, 2013, 

Glassbrook et al., 2019, Hausler et al., 2016, Kempton et al., 2015a, Sirotic et al., 2011, 

Waldron et al., 2011). For example, typically during male rugby league matches forwards 

are involved in more collisions than backs (Weaving et al., 2019b). This is an important 

consideration, as being tackled and tackling are the most common injury mechanisms 

during rugby league match-play. Being tackled accounts for 28% of injuries among male 

players and 38% of injuries among female players during match-play, with greater burden 

(p < 0.01) than other injury mechanisms, while tackling accounts for 25% of injuries among 

male players and 20% of injuries among female players (Scantlebury et al., 2024). Data 

exclusion or missing data is also an important consideration as this could result in an over- 

or under-representation of certain positions within the data set, and thus effect the overall 

averages reported. Missing data is common in longitudinal data sets but can be dealt with 

through appropriate analysis techniques, such as linear mixed-effects models (Cnaan et al., 

1997, Krueger and Tian, 2004).  

Wearable technology has been shown to provide a valid means of capturing collision 

events within rugby league (Gabbett et al., 2010, Hulin et al., 2017), albeit the validity of 

microtechnology to detect tackle events within female rugby league matches has been 

shown to be lower than during male rugby league matches (Cummins et al., 2022). 

Glassbrook et al. (2019) presents ‘low-impact’ collisions as those captured by 

microtechnology between zero to 8 g and ‘high-impact’ collisions as those recorded 

between 8 g to 15 g (Cummins and Orr, 2015, Gabbett et al., 2012, Gabbett, 2013b, 
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Gabbett, 2013a, Varley et al., 2014). Whilst Cummins and Orr (2015) utilised a wearable 

technology provider which reports gravitational force of collisions (SPI-Pro X II, GPSports, 

Canberra, Australia), other researchers have previously utilised a microtechnology (e.g., 

MinimaxX or OptimEye, Catapult Sports, Melbourne, Australia) which reports accumulated 

PlayerLoadTM within the algorithmically detected tackle event (Duthie et al., 2020, Gabbett, 

2013b, Varley et al., 2014). This is a further limitation of synthesising IMU related findings 

within literature. The application of IMUs specifically within rugby league is further discussed 

in later in this chapter (section 2.3.1.2.2). 

Repeated High Intensity Efforts (RHIEs) are a popular measurement of high-

intensity effort within rugby league and defined as three or more qualifying efforts (i.e., 

acceleration, deceleration, or high-speed efforts) or events (i.e., collisions) with less than 

twenty-one seconds rest between each effort (Austin et al., 2011, Hausler et al., 2016, 

Johnston et al., 2014a). Differences in total RHIE exposure has been demonstrated at 

playing level, within contextual phases of play (i.e., attack vs. defence), game state (i.e., 

winning vs. losing) and have been shown to reflect playing positional differences as well as 

relate to physical qualities demonstrated by players. Differences in the frequency of RHIEs 

have been shown to reflect game status (i.e., players playing in a whole match when 

compared to those interchanged).  

During a standardised RHIE test protocol, Gabbett and Wheeler (2015) analysed 

the relationship between the speed in the first 10 m sprint of the RHIE bout, the average 

speed across all four sprints in the RHIE bout, and the percentage speed decrement across 

the entire RHIE bout with measures of an individual player’s upper body strength, upper 

body endurance, lower body strength, and maximal aerobic power. These authors reported 

that players with a greater initial speed over the first 10 m of the test had a higher average 

speed over the entire bout (r = 0.75) and had a negative relationship with speed decrement 

during the test (r = -0.76) suggesting better ability to maintain speed in the presence of 

fatigue. Gabbett and Wheeler (2015) also categorised players as first- and second-grade 

level, revealing a significant difference in percentage of speed decrement between levels 

(mean ± SD; first-grade: -2.36 ± 10.3% vs. second-grade: -4.70 ± 2.05%, ES = 1.63). This 

may be explained in part due to the substantially different athletic profile of first- and second-

grade players which is emphasised by the difference reported in lower body strength 

characteristics (first-grade: 162.0 ± 17.9 kg vs. second-grade: 184.0 ± 29.7 kg, ES = 0.90). 

Quantifying physical attributes at different levels of rugby league is of particular interest to 

coaches. Previous research has shown that international level female players demonstrate 

superior physical qualities compared to those in the Women’s Super League (WSL), with 

significant differences evident in countermovement jump height (International: 29.1 ± 4.7 

cm vs. WSL: 24.8 ± 4.9 cm, ES = 0.96 [0.48 to 1.43], p = 0.00), speed over 10 m 
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(International: 1.93 ± 0.11 s vs. WSL: 2.07 ± 0.14 s, ES = 0.92 [0.46 to 1.38], p = 0.00), 20 

m (International: 3.36 ± 0.17 s vs. WSL: 3.63 ± 0.26 s, ES = 0.90 [0.35 to 1.25], p = 0.00), 

30 m (International: 4.73 ± 0.25 s vs. WSL: 5.16 ± 0.41 s, ES = 0.83 [0.39 to 1.27], p = 0.00), 

40 m (International: 6.17 ± 0.34 s vs. WSL: 6.71 ± 0.61 s, ES = 0.61 [0.16 to 1.07], p = 0.01) 

and Modified Yo-Yo IRT1 (International: 763.0 ± 301.9 m vs. WSL: 522.7 ± 284.8 m, ES = -

0.51 [-0.03 to -0.99], p = 0.04) (Scantlebury et al., 2022). 

Elite level players and sub-elite level players complete a similar amount of RHIEs 

during matches, with both performing significantly more (p < 0.01) than junior level players 

(Hausler et al., 2016). A meta-analysis completed by Hausler et al. (2016) reported that elite 

players (10.8 [9.2-12.4]; I2 = 80.7%) and sub-elite players (10.0 [8.8-11.3]; I2 = 91.56%) have 

similar RHIE characteristics whilst both performing significantly (p < 0.001) more bouts than 

junior level players (4.4 [3.5-5.3]; I2 = 55.73%). This may be attributed to junior level players 

not being physically capable of producing the necessary high-speed or acceleration outputs 

to register qualifying efforts. From the perspective of playing position, hit-up forwards 

perform a significantly greater (p < 0.05) number of RHIEs (12 ± 3) when compared to 

adjustabes. (6 ± 3) and outside backs (5 ± 1) (Austin et al., 2011). Since hit-up forwards 

typically perform more bouts, they consequently have the shortest average recovery time 

between bouts (376 ± 205 s) (Austin et al., 2011). Black and Gabbett (2014) analysed the 

frequency of RHIEs and reported that players when interchanged performed RHIE bouts at 

a higher rate than whole-match player of the same position. In receipt of this information, 

coaches are in a position to make more informed preparation, selection and interchange 

decisions.  

RHIE bouts are more prevalent when defending as opposed to attacking during 

rugby league match-play. Gabbett et al. (2014) analysed the rate of RHIEs in attack and 

defence and revelated almost double the requirement to perform RHIEs when defending 

(one RHIE bout every 4.9 ± 5.1 minutes when defending vs. one RHIE bout every 9.4 ± 6.1 

minutes when attacking). However, whilst Gabbett et al. (2014) demonstrated that 

defending elicits a greater RHIE response than attacking; Gabbett (2013b) revealed that 

successful teams at elite level complete more frequent RHIEs, including more efforts per 

bout, than less-successful teams at the same level. This contrast in findings seems 

unintuitive since it would be reasonable to speculate that successful teams spend more time 

attaching whereas less-successful teams spend more time defending, however Black and 

Gabbett (2014) support the suggestion that successful teams perform more RHIEs than 

those less-successful. These authors analysed data with respect to game state and players 

at sub-elite level on a winning side were shown to produce a greater frequency of RHIE 

bouts than players within losing teams (one RHIE bout every 5.7 ± 3.1 minutes when 

winning vs. one RHIE bout every 8.2 ± 2.8 minutes when losing).  
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This information provides coaches with strategic support in terms of repeatedly 

attacking defensive players which could have a profound effect on match outcomes. 

Gabbett (2008) demonstrated that residual fatigue as a consequence of performing RHIEs 

elicits reductions in tackling technique within rugby league players. Compromised technique 

during the action of tackling an opponent could result in a reduction in dominant tackles and 

increased number of missed tackles (Gabbett and Ryan, 2009), which could have negative 

implications such as more points conceded (Johnston et al., 2015d) or increased risk of 

injury. 

 

2.3.3 Technical-tactical qualities 

Football-code team sport preparation is complex as players are frequently trained in group 

settings which are designed to develop team cohesion, physical fitness and technical-

tactical skills (Manzi et al., 2013). Technical and tactical skill execution is a critical 

component of achieving success in rugby league. For example, physical and technical 

qualities are closely linked to successful performance amongst elite rugby players whom 

have been shown to possess superior tackling technique (Speranza et al., 2015a), draw 

and pass proficiency (Gabbett et al., 2011), and anticipatory skill (Gabbett et al., 2008b). 

Any attempt to understand the match characteristics of rugby league, and measure the 

success of performance, without considering the execution of technical and tactical skills is 

likely to be incomplete. The purpose of quantifying technical match characteristics (i.e., 

performance analysis) is to assess the performance of an individual or team whilst 

identifying strengths or weaknesses in their performance analysis (Hughes and Bartlett, 

2002) and are often utilised as a measurement of technical-tactical performance (Parmar 

et al., 2018). A key performance indicator (KPI) within the context of rugby league match-

play is defined as a selection or combination of action variables aimed at delineating various 

aspects of a player's performance (Parmar et al., 2017) and include actions such as tackles, 

ball carries and PTBs.  

Opta Sports (Stats Perform, London, UK) is the commercial provider of match 

eventing data within the Super League, as well as other team sports. Whilst literature 

supporting the reliability of commercial match event providers is limited, one study in did 

soccer find very high inter-rater reliability (ICC range = 0.88–1.00) for assessing different 

match actions (e.g., assists, clearances, dribbles, key passes) of outfield players (Liu et al., 

2013). Within the AFL, a very high level of agreement (ICC range = 0.95–1.00) in assessing 

the counts of different actions (e.g., disposals, handballs, kicks, tackles) between author 

coded events and events coded by a commercial provider (Champion Data, Melbourne, 

Australia) was reported (Robertson et al., 2016a). Whilst preliminary, and low in sample 
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size, this data suggests that the reliability of assessing action counts is acceptable for 

commercial match-event providers. Using Opta provided data collected within rugby league, 

specifically the Super League during this project, I undertook an in-house data quality 

assessment of these commercially provided match event characteristics captured during 

two halves of Super League match-play across two different matches. This included the 

synchronisation of a timeline of match events overlayed with match-play video footage to 

determine my agreement with the commercial provider of match event characteristics. A 

Kappa value of 0.978 was calculated suggesting almost perfect agreement with the 

commercial match eventing provider. However, it is important to note that this has not been 

peer reviewed nor published and therefore the reliability of Opta coded events within rugby 

league remain unknown.  

Gabbett and Hulin (2018) analysed the skill involvements of NRL teams over a ten-

year period and found successful teams (defined as those placing in the top four of the 

competition) completed more PTBs while unsuccessful teams (defined as those placing in 

the bottom four of the competition) accrued a greater number of missed tackles and 

ineffective tackles within the period analysed. A greater number of PTBs by successful 

teams may be explained by this performance indicator occurring during an attacking action 

and therefore are likely to be performed more by successful teams. These specific action 

types are usually monitored using notational analysis.  

The frequency of player actions, captured using notational analysis techniques, are 

often reported at both individual and team level (Travassos et al., 2013). Advancements in 

technology (e.g., improvements in purposely designed tagging and analysis software) have 

enhanced the use of notational analysis (Wright et al., 2012) and emergence of commercial 

match event data providers have generally improved their accessibility and enhanced their 

use within research (e.g., Parmar et al. (2018) used Opta Sports (Stats Perform, London, 

UK) within rugby league, Kempton et al. (2015c) used Champion Data (Melbourne, 

Australia) within Australian rules football, and Kempton et al. (2017) used Prozone (Sydney, 

Australia) within rugby league). This emergence of commercial match event data providers 

has provided the practical possibility for researchers to perform innovative longitudinal 

analysis using large league-wide datasets. Non-metric multidimensional analysis of an 

eleven-year period demonstrated that between 2005 and 2011, NRL teams showed a 

similarity of team profiles, but that team profiles substantially evolved and were relatively 

dissimilar between the 2012 and 2016 seasons (Woods et al., 2018). These changes in 

team profiles may be attributable to rule changes implemented within the league (Woods et 

al., 2018) and also are speculated to be attributable to the largest coach turnover in league 

history which occurred at the end of the 2011 season (Gabbett and Hulin, 2018). Indeed, 
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Woods et al. (2018) suggest that introduction of new coaches is likely to have led to 

implementation of novel preparation methods and technical-tactical game plans.  

 Literature quantifying technical match characteristics (i.e., performance analysis), 

applying notational analysis techniques, are categorised as ‘what’ and ‘how’ studies (den 

Hollander et al., 2018). Basic notational analysis (e.g., number of passes, tackles, or sets) 

are considered ‘what’ studies which typically are recorded in a linear sequence of ‘what’, 

‘who’, ‘when’ and ‘where’ (Colomer et al., 2020) whereas ‘how’ studies investigate why these 

actions are taking place (den Hollander et al., 2018). For example, a ‘what’ study may report 

the number of tackles performed (Gabbett, 2004) whilst a ‘how’ study will define the number 

of tackles within the context of match-play (e.g., possession, level of opposition, or 

interchange players) with a view of understanding why these actions have occurred.  

 When analysing average speed within the context of team possession, Gabbett et 

al. (2014) found an increase whilst defending when compared to attacking in average speed 

(mean ± SD; 109.0 ± 16.0 m.min-1 vs. 82.0 ± 12.0 m.min-1; ES [90% CI] = 1.35 [0.55 to 2.12]) 

and high-speed running (HSR) distance (mean ± SD; 5.3 ± 3.7 m.min-1 vs. 3.9 ± 3 m.min-1; 

ES [90% CI] = 0.39 [−0.32 to 1.09]). However, these findings are related to a single 

professional domestic club and therefore may not be generalisable across a league or 

indeed international rugby league. When analysing level of team (i.e., successful vs. less-

successful), Hulin and Gabbett (2015) demonstrated that during peak periods hit-up 

forwards within successful teams accumulate lower total distance (mean ± SD; high-

success: 111 ± 15 m.min-1 vs. low-success: 121 ± 24 m.min-1, p = 0.02, ES = 0.5 ± 0.4) and 

HSR distance (high-success: 10 ± 4 m.min-1 vs. low-success: 13 ± 6 m.min-1, p = 0.01, ES 

= 0.6 ± 0.4) than those in less-successful teams. During peak periods, hit-up forwards from 

successful teams were involved in greater number of collisions (high-success: 7.1 ± 2.3 vs. 

low-success: 5.7 ± 1.8, p = 0.03, ES = 0.6 ± 0.4) than those in less-successful teams (Hulin 

and Gabbett, 2015). Adjustables from successful teams performed a greater number of 

RHIE bouts than those from less successful teams (high-success: 0.6 ± 0.3 vs. low-success: 

0.3 ± 0.3, p = 0.05, ES = 0.5 ± 0.4) in the five minute period following peak periods (Hulin 

and Gabbett, 2015). These findings led the authors to comment that technical and tactical 

effectiveness, rather than activity profiles alone, contribute to the team success. Given the 

importance of technical and tactical effectiveness, it’s important to consider that technical 

skill performance adjustables playing a whole match have been shown to diminish in the 

final 5 minutes of each half compared with the initial 5 minute periods, suggesting 

accumulated and transient fatigue (Kempton et al., 2015a). 

 Individual performance within the context of player interchanges have been 

investigated with a particular emphasis on the running characteristics experienced by 

players who play a whole match and those who are interchanged (Cummins et al., 2018, 
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Waldron et al., 2013). Adjustables (hooker, half-back, five-eighth) were found to 

demonstrate moderate to very large decreases for total distance (mean ± SD; whole-match: 

8.0 ± 1.1 km vs. interchange: 4.2 ± 2.2 km, p < 0.001, ES = -2.18 [-2.67, -1.80]), HSR 

distance per minute (whole-match: 19.3 ± 5.6 m.min-1 vs. 14.2 ± 7.2 m.min-1, p = 0.031, ES 

= -0.78 [-1.18, -0.39]) and moderate intensity accelerations per minute (whole-match: 2.1 ± 

0.3 vs. interchange: 1.9 ± 0.4, p = 0.014, ES = -0.57 [-0.96, -0.17]) when comparing players 

who played a whole-match versus those interchanged (Cummins et al., 2018). Conversely, 

these authors noted small increases for very high intensity accelerations per minute (whole-

match: 2.8 ± 1.3 vs. interchange: 3.3 ± 0.9, p = 0.092, ES = 0.45 [0.06, 0.84]) and small 

increases for very high intensity decelerations per minute (whole-match: 3.0 ± 1.4 vs. 

interchange: 3.3 ± 0.9, p = 0.492, ES = 0.25 [-0.13, 0.64]).  

 

2.3.4 Contextual Factors 

Understanding the physical characteristics of rugby league match-play has implications 

from an athlete preparation perspective, including training prescription and implementation 

of player monitoring strategies (Kelly and Coutts, 2007). It is however important to 

understand how different components interact to form context which may rationalise and 

explain individual and team physical performance characteristics (Dalton-Barron et al., 

2020b). For example, level of opposition (Gabbett, 2013b) and timing of fixtures during 

season (Twist et al., 2014) may impact physical running characteristics, therefore 

knowledge of this allows coaches to plan and periodise more effectively leading into certain 

matches or periods of competition (Dalton-Barron et al., 2020b). Through analyses of data 

collected using the MinimaxX GPS device (Team 2.3; Catapult Innovations, Melbourne, 

Australia), which sampled at 5 Hz, Gabbett (2013b) compared the activity profiles when 

players competed against the highest-ranked (Top 4) and lowest-ranked (Bottom 4) teams, 

taking into consideration if the players team either won or lost the match. Significantly 

greater (p < 0.05) high-speed running distance (mean ± SD; Top 4: 300.6 ± 31.6 m vs. 

Bottom 4: 393.3 ± 36.9 m, ES = 0.55) and high-speed running distance per minute (Top 4: 

4.7 ± 0.3 m.min-1 vs. Bottom 4: 5.7 ± 0.4 m.min-1, ES = 0.57) was reported when lower-

ranked teams were the opposition, whilst significantly greater (p < 0.05) rating of perceived 

exertion (Top 4: 8.5 ± 0.2 au vs. Bottom 4: 7.9 ± 0.2 au, ES = 0.66) was reported when these 

players played against higher-ranked teams. The number of mild, moderate, and heavy 

collisions were similar (p > 0.05, ES = 0.00 to 0.28) irrespective of where the opposition 

placed. These findings therefore suggest that high intensity locomotor characteristics are 

greater when playing against lower-ranked teams whilst player perception is greater playing 

against higher-ranked teams, and whilst collision characteristics appear similar, leads 
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researchers to therefore speculate if players psychologically perceive effort to be greater 

when they play higher-ranked opposition. A limitation of this research is that it included 

teams from a single team and therefore generalisability of findings is problematic. Twist et 

al. (2014) analysed data from both NRL and Super League competitive matches and 

categorised performances into early-season, mid-season, and late-season phases. These 

authors reported that average speed was not significantly different (p = 0.782, ES = -0.01 

to 0.48) across the seasons however a main effect for group revealed a significant 

difference (p = 0.023, ES = -0.38) between leagues (NRL early-season 91.4 ± 8.0 m.min-1, 

mid-season 91.5 ± 9.0 m.min-1, late-season 87.6 ± 7.6 m.min-1 and Super League early-

season 91.9 ± 18.0 m.min-1; mid-season 95.6 ± 13.3 m.min-1, late-season 98.2 ± 21.9 m.min-

1). It is important when analysing match-play characteristics to note that large between-

player, between-position, and between-match variability has been reported for total distance 

and high-speed running distance during rugby league matches (Kempton et al., 2015c, 

Dalton-Barron et al., 2020a), and therefore accurately estimating future match running 

characteristics based on historical data is not without challenges. The prevalence of within-

player, between-player, between-match, between-position and between-season variability 

in rugby league match-play analysis will be discussed later in this chapter. 

 A contextual factor within the context of rugby league match-play is any variable 

which provides information about the state of the match at any given time and include 

information such as situational-related (i.e., possession, scoreline, or player location on the 

field) and environmental-related conditions (i.e., venue, temperature, or weather) (Dalton-

Barron et al., 2020b). As such, Paul et al. (2015) state that match running characteristics 

may be explained by an almost infinite number of contextual factors affecting variability of 

performance related outcome measures. Changes in head coach and support staff are also 

contextual factors which may influence match-play characteristics (Sousa et al., 2024) and 

injury risk (Ekstrand et al., 2023). Although the frequency of head coach change and 

potential impact of these changes is yet to be analysed within rugby league specifically, a 

change in head coach mid-season within soccer appears to briefly improve performance, 

but with reductions in medium-long term success (Sousa et al., 2024). From the perspective 

of player injury which consequently impacts upon player availability, changes in fitness 

coach and team doctor have been shown to significantly increase the burden of hamstring 

injury which is perhaps due to newly introduced training and preparation philosophies 

imposed by new staff members (Ekstrand et al., 2023). The generalisability of these findings 

in soccer may not transcend to other football codes such as rugby league and therefore 

further research is required to determine the contextual effect of coaching and support staff 

changes within rugby league.  
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 One common statistical approach to data analysis within football-code team sports, 

such as rugby league, is the use of general linear models to determine changes or 

differences in match characteristics (Dalton-Barron et al., 2020b), yet general linear models 

are limited as they do not by their very nature consider nor account for the covariance of 

data (Balague et al., 2017). Trewin et al. (2017) systematically investigated situational-

related and environmental-related contextual factors upon match running characteristics in 

association football and concluded that both types had the potential to influence match 

running performance. For example, within association football, attacking players reported 

71% greater high-speed running distance when their team is in-possession compared to 

out-of-possession (mean ± SD; in-possession 566 ± 104 m vs. out-of-possession 331 ± 83 

m, p < 0.05), whereas central defenders reported 156% greater high-speed running 

distance when their team is out-of-possession compared to in-possession (in-possession 

179 ± 93 m vs. out-of-possession 459 ± 74 m, p < 0.05) (Di Salvo et al., 2009). The evidence 

supporting both situational-related and environmental-related contextual factors influence 

on performance supports the assertion that linear regression modelling is limited (Trewin et 

al., 2017). Linear modelling may as a consequence provide a one-dimensional perspective 

of match characteristics since they only contain fixed effects (Paul et al., 2015), thus adding 

support to the use instead of mixed effects models which allow researchers to control for 

both fixed and random effects.  

 Within rugby league match-play specifically, Dalton-Barron et al. (2020b) identified 

15 studies which investigated the influence of contextual factors upon match locomotor 

characteristics and reported the influence of individual fitness qualities (Delaney et al., 

2016b, Gabbett et al., 2013, Kempton and Coutts, 2016), match result (i.e., win / loss) 

(Delaney et al., 2016b, Gabbett, 2013b, Kempton and Coutts, 2016, Murray et al., 2014), 

team strength (Hulin et al., 2015, Kempton et al., 2017) and opposition strength (Delaney 

et al., 2016b, Gabbett, 2013b, Kempton and Coutts, 2016), match conditions (Delaney et 

al., 2016b, Kempton and Coutts, 2016, Murray et al., 2014, Quinn et al., 2015, Twist et al., 

2014), technical and tactical characteristics (Cummins et al., 2018, Delaney et al., 2016b, 

Gabbett, 2012, Gabbett et al., 2014, Kempton and Coutts, 2016, Waldron et al., 2013), 

spatial/temporal characteristics (i.e., first and second halves or time epochs) (Bradley et al., 

2016, Delaney et al., 2016b, Gabbett et al., 2014, Hulin et al., 2015, Kempton and Coutts, 

2016, Twist et al., 2014, Waldron et al., 2013), and nutritional interventions (Bradley et al., 

2016). Understanding the influence of these various situational-related and environmental-

related contextual factors upon locomotor characteristics during matches should form the 

basis of the training and recovery process (Dalton-Barron et al., 2020b), however rugby 

league is characterised by locomotor and collision activity and therefore further research is 
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needed to understand how contextual factors explain the contact-based characteristics of 

the sport. 

 A consistent finding within rugby league is that individuals possessing superior 

fitness qualities demonstrate greater average speed (Delaney et al., 2016b, Kempton and 

Coutts, 2016) and high-speed running distance (Gabbett et al., 2013, Kempton and Coutts, 

2016), which is in keeping with other football-code team sports such as association football 

(Buchheit et al., 2010), rugby union (Swaby et al., 2016), and Australian rules football (Ryan 

et al., 2017). Using 15 Hz GPS devices (SPI HPU, GPSports, Canberra, Australia), Delaney 

et al. (2016b) reported that players exhibiting superior intermittent running ability (measured 

using the 30:15 Intermittent Fitness Test (IFT) demonstrated very likely large increases in 

both average speed (ES ± 90% CI; 0.59 [0.18 to 0.82]) and metabolic power (0.56 [0.16 to 

0.80]) during rugby league matches. Cardiorespiratory and metabolic conditioning is 

important within the context of football-code team sports since a strong aerobic capacity 

allows athletes to efficiently recover between intermittent bouts therefore enabling players 

to produce greater physical outputs (Tomlin and Wenger, 2001). Maximal aerobic capacity 

when measured within the pre-season period may change over time during the competitive 

season (Booth et al., 2018, Dalton-Barron et al., 2020b) and therefore this facet of 

performance is in and of itself a contextual factor. Whilst regular maximal aerobic fitness 

testing during the competitive season is inappropriate (Dalton-Barron et al., 2020b), 

alternative cardiorespiratory measurements such as heart rate response to standardised 

activities may provide suitable estimates of player fitness. Using twenty-two elite rugby 

league players playing within the NRL, Scott et al. (2018) demonstrated acceptable 

reliability in the assessment of average heart rate during the first 30 seconds (ICC 0.91; 

0.78-0.94) of, and heart rate recovery in the 60 seconds (ICC 0.80; 0.61-0.90) and 120 

seconds (ICC 0.84; 0.69-0.92) following, a 4 minute individualised submaximal shuttle run 

test.  

 Inconsistent findings were reported between studies which investigated match 

results and how they relate to locomotor characteristics with one study showing that winning 

had no effect on average speed (Delaney et al., 2016b), another demonstrating that average 

speed was reduced (Kempton and Coutts, 2016), and two studies reporting an increase 

(Gabbett, 2013b, Murray et al., 2014). Inconsistent findings between studies may be 

attributed to coaches tactical instructions, player availability, or the margin of score 

differential (Dalton-Barron et al., 2020b). An important consideration when analysing how 

match result may influence running characteristics is that the outcome of a match (i.e., win 

/ loss) is absolute however evolves throughout the course of a match whereby often teams 

are leading for periods of a match and behind for other periods. Using the final result as a 

covariate does not account for the changing nature of scoreline (Lago-Penas and Gomez-
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Lopez, 2014) and therefore it may be more statistically appropriate to model the evolution 

of scoreline during matches in relation to concurrent physical performance characteristics 

than in relation to absolute match outcomes (Dalton-Barron et al., 2020b). Naturally, 

consistently more successful teams in terms of matches won will place higher on league 

table and therefore team strength and opposition strength, measured using league table 

position, are intrinsically linked to absolute match outcomes.  

 Using league position to define team success, previous literature has shown that 

players in successful teams have a tendency to produce lower high-speed running distance 

than those which are lower ranked (Hulin et al., 2015, Hulin and Gabbett, 2015, Kempton 

et al., 2017). For example, hit-up forwards from successful teams reported significantly (p 

= 0.01) lower average speed (81 ± 10 m.min-1 vs. 89 ± 14 m.min-1, ES = 0.6 ± 0.4), greater 

involvement in collisions (3.0 ± 1.4 vs. 2.3 ± 0.9, ES = 0.7 ± 0.4), and lower high-intensity 

running distance per minute (2.9 ± 1.6 m.min-1 vs. 4.1 ± 2.7 m.min-1, ES = 0.5 ± 0.4) than 

hit-up forwards from the less-successful teams (Hulin and Gabbett, 2015). Locomotor 

characteristics reported by successful teams, when playing in matches against less-

successful teams, appears to generally be lower especially at higher intensities however 

final league position may not accurate reflect the undulating performance, or form, of a team 

throughout their entire competitive campaign (Dalton-Barron et al., 2020b). Given the 

limitations of using a teams absolute league position as a measurement of success, 

previous literature has also utilised an approach to take into consideration recent form (i.e., 

number of wins in most recent five matches) of a team as a measurement of success, with 

the authors reporting a possibly small reduction in average speed (ES = 0.12 (0.02 to 0.22)) 

and a likely small reduction in metabolic power when facing more-successful opponents 

(Delaney et al., 2016b). These contrasting findings suggest that final league position does 

not necessarily reflect the quality of opposition at the time of the fixture and which could be 

explained by playing or coaching personnel changes (Dalton-Barron et al., 2020b). 

 A reduction in average speed (ES = 0.31 (0.23-0.39)) and high-speed running 

distance (ES = 0.35 (0.27-0.43)) was reported when rugby league teams played away from 

their home location in one study (Kempton and Coutts, 2016), a finding which is in keeping 

with other football-code teams sports such as association football (Castellano et al., 2011) 

and Australian rules football (Ryan et al., 2017). Reduced locomotor characteristics reported 

across football codes when competing away from home may add credibility to the 

phenomenon known as “home advantage” within the context of sporting competition 

however further research is required to understand which factors contribute to this 

specifically (e.g., influence of supporters, familiarity with surroundings, or lessened travel 

requirements when playing at home) (Pollard and Pollard, 2005). In addition to match 

location, the timing of fixtures within the season has also been investigated in both Super 
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League and NRL competition. Twist et al. (2014) reported that locomotor characteristics 

increased within the Super League and reduced within the NRL as the season progressed 

which may be explained by changes in player fitness or fatigue over time. However, further 

research to substantiate this is required. Other environmental factors which may affect 

locomotor characteristics as the season progresses include temperature since Super 

League generally begins in February with the regular season drawing to a close late-

summer, which may result in increased physiological strain during warmer periods (Girard 

et al., Periard et al., 2015).  

 Primarily due to television broadcast requirement, rugby league fixtures regularly 

take place on three, and sometimes four, different days per week (i.e., Thursday through to 

Sunday). This invariably leads to regular changes in number of days between matches, with 

short turnaround times providing inconsistent results in relation to their influence on 

locomotor characteristics during matches. When short turnarounds are experienced (i.e., 

less than seven days), locomotor characteristics have been found to increase (Delaney et 

al., 2016b, Murray et al., 2014), which is surprising, whilst another study demonstrated that 

average speed and high-speed running distance reduced when shorter turnarounds where 

experienced (Kempton and Coutts, 2016), a finding which is perhaps expected. A contextual 

factor which may explain inconsistent findings is player availability and player rotations in 

terms of selection (Cunniffe et al., 2011), therefore this should be accounted for when 

modelling this contextual factor (Dalton-Barron et al., 2018), however it is also possible that 

players are able to perform at varying levels of intensity whilst experiencing symptoms of 

neuromuscular fatigue (Roe et al., 2016b). 

 Technical and tactical factors (e.g., attack, defence and transition) and how they 

relate to match locomotor and collision characteristics are important considerations for 

coaches when preparing their players for competition. Generally, increases in average 

speed are accepted by coaches during defensive phases of play and this belief is supported 

within research (Gabbett et al., 2014). However, since defensive phases require defending 

players to retreat 10 m following each tackle whereas an attacking player will often carry 

the ball from more than 10 m depth, it is reasonable to speculate that high-speed running 

may in fact be greater in attack than in defence, albeit further research is needed. Gabbett 

(2012) investigated the exposure to sprint efforts and demonstrated that 78.7% of sprints 

were performed without the ball compared to 21.3% when in possession of the ball. 

 Generalisability of the studies included by Dalton-Barron et al. (2020b) is challenging 

since 80% of the studies included data collected from a single team and five of the fifteen 

studies within their review investigated a single contextual factor. Although the above 

studies have demonstrated differences between these covariates, there is also the 
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presence of natural variability within- (i.e., match-to-match) and between-seasons (i.e., 

season-to season).  

 

2.3.5 Variability: Within-players and between-players, between-matches, between-
positions, and between seasons  

The analysis and interpretation of player tracking data collected utilising wearable 

microtechnology is widespread, yet there is a poor understanding of the variability of this 

data within football-code team sports (Kempton et al., 2015c). Since rugby league match 

performance characteristics (i.e., locomotion and collision-based variables) are a product 

of many different contextual factors, these are likely subject to high variability (Dalton-

Barron et al., 2020a). Moreover, performance within football-code team sport matches is a 

multifactorial construct (Atkinson, 2002), which is stochastic in nature, and therefore 

inherent variability of match performance related variables is to be expected (McLaren et 

al., 2016). Quantifying the variability of physical performance within football-code team 

sports can be a useful way to highlight changes that appear normal and those which seem 

higher or lower than usual (Oliva-Lozano et al., 2020). 

 Several studies using participants within football-code team sports demonstrated 

that as speed of player locomotion increases, match-to-match variability of displacement 

characteristics also increases. Within professional soccer the match-to-match variability of 

total distance is relatively stable and has ranged from 2.4% (Rampinini et al., 2007) to 5.3% 

(Al Haddad et al., 2018) whilst the variability for HSR distance has varied considerably with 

values reported at 9.2% (Mohr et al., 2003), 14.4% (Rampinini et al., 2007), 17.7% (Gregson 

et al., 2010), 19.8% (Carling et al., 2016), and 53% (Al Haddad et al., 2018). Within 

Australian rules football, Kempton et al. (2015c) similarly reported considerable match-to-

match variability for HSR distance (HSR >4 m.s-1; CV range = 12% to 14%) and very HSR 

distance (VHSR >5.5 m.s-1; CV range = 15% to 21%).  

 Within professional rugby league, Kempton et al. (2014) also observed high 

variability amongst players participating in the NRL competition for both HSR distance (>4.2 

m.s-1; CV = 15%) and VHSR distance (>5.8 m.s-1; CV = 37%). A limitation of this study within 

professional rugby league is that it sampled participants from a single team and therefore 

the findings may not be generalisable at league-wide level. To overcome this limitation, 

Dalton-Barron et al. (2020a) analysed the variability of player locomotion data collected by 

11 teams, across 322 professional rugby league matches, over a two-year period. Dalton-

Barron et al. (2020a) stratified data per whole-match; ball-in-play; and attack, defence and 

transition phases of play. These authors reported large within-player and between-player 

variability, as well as large between-position variability for total distance and HSR distance 
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(CV = >10%). In keeping with previous research within rugby league (Kempton et al., 2014) 

and other football-code team sports, Dalton-Barron et al. (2020a) reported that higher 

running speeds demonstrated higher variability with total distance between-match variability 

ranging from 4% to 29% and HSR distance between-match variability ranging from 14% to 

51%. Unsurprisingly, large between-position variability was observed for whole matches 

and distinct phases of play which is likely attributed to fundamental differences in role of 

each positional category during match-play (Dalton-Barron et al., 2020a). Although 

generalisability of single team studies is a limitation, these authors reported a lack of 

between-team variability for whole matches, ball-in-play and transition phases (CV = <5%) 

which has important implications when interpreting previous research conducted with data 

sampled from only one team. However, with specific reference to attacking and defensive 

phases, these authors reported high variability between-teams (CV = 16% and 18%, 

respectively) which they speculate is likely due to the interaction with technical performance 

indicators (e.g., line breaks, missed tackles, or offloads) (Dalton-Barron et al., 2020a).  

Understanding how physical characteristics vary within- and between-players, 

between-matches, between-positions, and between-seasons is an important consideration 

when applying reference values to match-play performance characteristics (McLaren et al., 

2016) and when interpreting real changes or differences in match characteristics (Dalton-

Barron et al., 2020a, Oliva-Lozano et al., 2020). Although variability of locomotion variables 

is now documented at league-wide level, the variability of distinct collision-based events 

(e.g., ball carries and tackles) remain unknown and requires investigation. 

 

2.4 Rule Changes within Football-Code Team Sports 

Rugby league match-play characteristics and injury risk have been shown to be influenced 

by numerous contextual factors including playing level (Sirotic et al., 2009, McLellan and 

Lovell, 2013), competition (Twist et al., 2014), and gender (Scantlebury et al., 2024). For 

instance, Twist et al. (2014) reported that Super League players exhibited higher average 

running speeds (Super League: 95.8 m.min-1  vs. NRL: 90.2 ± 8.3 m.min-1, p < 0.05), whilst 

NRL players covered greater high-speed running distances (Super League: 6.1 ± 1.7 

m·min⁻¹ vs. NRL: 7.8 ± 2.1 m·min⁻¹, p < 0.05). Although the NRL and Super League are 

considered the two premier rugby league competitions globally, the rules governing each 

league often differ meaning that international competition can also have different rules from 

domestic level competition. 

Across football codes more broadly, rule changes are regularly introduced by 

governing bodies with varied objectives: to reduce injury risk (Stokes et al., 2021), promote 

faster or more intense gameplay (League, 2019), enhance player safety (Jones et al., 
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2021b), or accommodate commercial, technological, or sociocultural developments (Arias 

et al., 2011). 

Recent rule changes in rugby league (such as the introduction of a shot clock, 

golden point rules, and limits on interchanges) have aimed to increase game speed and 

reduce stagnation (League, 2019). However, their effects remain largely unquantified within 

the Super League playing group. Delves et al. (2022b) investigated the introduction of the 

"Six-Again" rule in the NRL, observing increases in acceleration characteristics and BIP 

durations. A limitation of this study is that it used data from a single team participating in the 

NRL competition, and differences between teams (Woods et al., 2018) and competitions 

(Twist et al., 2014) raise questions about generalisability. As this rule has since been 

adopted in the Super League, its effects warrant investigation within this competition. 

While rule changes are often introduced with a clear aim, their consequences are 

typically multifaceted affecting not only gameplay and performance metrics but also training 

demands and injury risk. Arias et al. (2011), in a comprehensive review of rule modifications 

in sport, noted that many studies fail to articulate or evaluate the original objectives of such 

changes. They found that fewer than 30% of studies reviewed included a clear pre-

implementation empirical evaluation, underlining the need for more reflective, evidence-

informed policymaking. 

The structure and function of rules shape interactions between players, time, space, 

and equipment. Modifications to these dimensions, whether structural (e.g., game duration, 

player numbers) or functional (e.g., tackle height, restart procedures), can significantly alter 

match characteristics (Vahed et al., 2014) and may also directly or indirectly influence injury 

rates (Livingston and Forbes, 2002, Putukian, 2004), necessitating robust analysis and 

evaluation. 

In rugby union, Stokes et al. (2021) assessed the effects of lowering legal tackle 

height and found changes in tackler behaviour, but no significant difference in concussion 

incidence (RR = 1.31, 95% CI = 0.85 to 2.01, p = 0.21). This is notable given the tackle area 

is consistently reported as the most injurious event in both rugby codes (Hopkinson et al., 

2020, Tee et al., 2019). This is particularly relevant within rugby league, as seen during the 

2024 World Club Challenge between the 2023 NRL and Super League champions. At the 

time, Super League had implemented stricter tackle height enforcement, leading to 16 

players being charged and 9 banned in Round One of the 2024 competition. However, 

international rule, subjectively considered lenient by comparison, were applied in the 

Challenge match, resulting in fewer sanctions. This discrepancy not only caused confusion 

for coaches, players and spectators but also underscored the practical and ethical 

complexities of implementing and enforcing rule changes across competitions within the 
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same sport. Crucially, no published studies had yet quantified the effects of these stricter 

tackle height rules in rugby league, reinforcing the need for systematic evaluation. 

Other rugby league rule changes, such as interchange limits, also highlight potential 

benefits. Gabbett (2005) found that introducing a 12-interchange limit significantly reduced 

injury rates (72.5 [58.2 to 86.8] vs. 51.0 [33.8 to 68.1] injuries per 1,000 playing hours, RR 

= 0.70 [0.65 to 0.75], p < 0.05). Similar changes (i.e., reduced number of interchanges) 

were implemented in Super League competition in 2019, but their effects have not yet been 

analysed. 

Rule changes are thus an often under-considered but critical factor shaping match 

events and the broader performance landscape. Woods et al. (2018), using non-metric 

multidimensional scaling, showed a marked shift in NRL performance characteristics 

following 2012 rule changes, highlighting increases in run metres and kick return metres, 

and decreases in missed tackles and tackle breaks. These shifts underscore how rule 

changes may explain variations traditionally attributed to player or tactical evolution alone. 

Accordingly, understanding how rule changes influence performance data is vital for 

sports scientists, performance analysts, coaches, and policymakers. The systematic review 

presented in Chapter 3 synthesises literature on rule changes across football codes. It 

classifies rule changes, assesses intended and unintended consequences, and critiques 

methodological approaches. This broader perspective complements the empirical findings 

from preceding chapters and provides actionable guidance for stakeholders considering 

future rule changes. 

 
2.5 Chapter Summary  

This review of literature aimed to critically evaluate the current evidence relating to the 

usefulness, validity and reliability of GNSS and MEMS devices used to track players within 

football-code team sports. The second aim was to provide an overview of the locomotor and 

collision characteristics of rugby league match-play. 

This review demonstrated that wearable microtechnology, in the form of GNSS 

devices and MEMS, provides a reliable and valid method of measuring player locomotion 

and collision characteristics. It also highlighted that there is a dearth of research into these 

characteristics specifically within the context of international rugby league match-play which 

requires investigation to support and inform researchers, coaches and players physical 

preparation strategies.  

It demonstrated that there is a substantial bias within literature to rugby league 

match-play within the southern hemisphere (i.e., NRL) than the northern hemisphere. 

Additionally, the review demonstrated that most studies within the context of rugby league 
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match-play include participants from a single team which makes the generalisability of 

findings problematic. There is a clear need for research investigating the locomotor and 

collision characteristics specific to elite northern hemisphere competition, however the 

Super League is constantly in a state of evolution with a particular focus on changes to rules 

for example with the intention of enhancing the speed of matches or improving player 

welfare. As a result, the effectiveness of rule changes within Super League competition 

must be determined to evaluate the success of the governing bodies strategic aims. 

This review has also identified studies specifically within rugby league which have 

observed changes in locomotor characteristics have attributed this to rule changes 

implemented by governing bodies. In addition to locomotor characteristics (i.e., average 

acceleration) measured using GPS technology, non-metric multidimensional analysis has 

shown changes within NRL team profiles between the period of 2012 and 2016 which was 

attributed to high rates of coach turnover and rule changes. The quality of research related 

to the topic of rule changes and the potential transferability of findings across football code 

team sports remains unclear and requires systematic evaluation.  

Although advances in wearable microtechnology provides a valid and reliable 

method of collecting collision-based variables, GPS and MEMS devices are unable to 

specify the nature of the contact which has taken place and therefore frequency of 

specifically tackle events (including ball carries and tackler involvements) remains unknown 

and requires investigation. In addition to understanding these characteristics descriptively 

which can assist coaching strategies and players training and recovery processes; the 

within-player, between-match, between-season, between-player, and between-position 

variability of these events remains unknown. Therefore, certainty over when a meaningful 

change of exposure in collision-based events has occurred is challenging. The gaps in 

current knowledge which have been identified during this review of literature will be 

addressed in the subsequent chapters of this thesis. The aims of which are:  

1. To present and summarise the existing research examining the effects of rule 

changes within football-code team sports characterised by their invasion-based and 

continuous match-play, with a specific emphasis on methodological quality (Chapter 

3). 

2. To describe locomotor and collision characteristics of international rugby league 

matches (including whole-match, attacking and defending phases of play, ball-in-

play periods, and peak characteristics) and describe the within-player and between-

player variability of these characteristics (Chapter 4).  

3. To quantify the differences in match events and locomotor characteristics between 

the 2018, 2019 and 2020 Super League seasons in response to rule changes 

implemented by the sport’s governing body (Chapter 5). 
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4. To describe the highest frequency of collision-based events (i.e., tackle events, ball 

carries and tackler involvements) for playing positions within professional rugby 

league over a multi-year period, including within-player, between-match, between-

season, between-player, and between-position variability (Chapter 6).  
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CHAPTER 3: THE EFFECTS OF RULE CHANGES IN FOOTBALL-CODE TEAM 
SPORTS: A SYSTEMATIC REVIEW 

 

Rennie, G., Chesson, L., Weaving, D. & Jones, B. (2024) The effects of rule changes in 

football-code team sports: a systematic review. Science and Medicine in Football, 

9(3):199-212.  

 

The content for this chapter has been published in Science and Medicine in Football.  

 

The manuscript can be accessed at: https://doi.org/10.1080/24733938.2024.2375752. 

 

Abstract 

Rule changes within football-code team sports aim to improve performance, enhance player 

welfare, increase competitiveness, and provide player development opportunities. This 

chapter aimed to review research investigating the effects of rule changes in football-code 

team sports. A systematic search of electronic databases (PubMed, ScienceDirect, 

CINAHL, MEDLINE, and SPORTDiscus) was performed to August 2023; keywords related 

to rule changes, football-code team sports, and activity type. Studies were excluded if they 

failed to investigate a football-code team sport, did not quantify the change of rule, or were 

review articles. Forty-four studies met the eligibility criteria. Four different football codes 

were reported: Australian rules football (n = 4), rugby league (n = 4), rugby union (n = 16), 

soccer (n = 20). The most common category was physical performance and match-play 

characteristics (n = 20). Evidence appears at a high risk of bias partly due to the quasi-

experimental nature of included studies, which are inherently non-randomised, but also due 

to the lack of control for confounding factors within most studies included. Rule changes 

can result in unintended consequences to performance (e.g., longer breaks in play) and 

effect player behaviour (i.e., reduce tackler height in rugby) but might not achieve desired 

outcome (i.e., unchanged concussion incidence). Coaches and governing bodies should 

regularly and systematically investigate the effects of rule changes to understand their 

influence on performance and injury risk. It is imperative that future studies analysing rule 

changes within football codes account for confounding factors by implementing suitable 

study designs and statistical analysis techniques.  

 
3.1 Introduction 

https://doi.org/10.1080/24733938.2024.2375752
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Football codes are defined as invasion-based team sports (Young et al., 2021), 

characterised by continuous play (Torres-Ronda et al., 2022), and include soccer, rugby 

union, rugby league, Australian rules football, and Gaelic Football (Whitehead et al., 2018). 

Rule or law changes within these football-code team sports aim to improve performance 

(Bradley et al., 2018), enhance player welfare (Stean et al., 2015), and make contests more 

appealing to spectators (Kraak et al., 2016), often through increased competitiveness 

(Williams, 2011). The term Laws of the Game reflects the official and standardised rules 

established by the governing bodies of the sport and are universally applied at all levels of 

competition. Changes to laws are usually made by the sport’s governing body and are often 

reviewed periodically. For example, in soccer (i.e., association football), the Laws of the 

Game are established and maintained by the International Football Association Board 

(IFAB). These laws govern various aspects, such as the field dimensions, the number of 

players on each team, offside, fouls and penalties.  

Rules are a broader term and refer to various regulations, guidelines, and 

instructions set by sports organisations, leagues, or even individual teams. While some of 

these rules may align with the Laws of the Game, others may be specific to a particular 

league, tournament, or event. For instance, a sports league may have its own set of rules 

regarding player eligibility, substitution limits, match duration, tie-breaking procedures, 

disciplinary actions, and other operational aspects that are not explicitly covered by the 

Laws of the Game. On-field regulations are generally referred to within football codes as 

laws (as is the case in soccer, Australian rules football, rugby union and rugby league) and 

seldomly as rules and regulations (as is the case in Gaelic football). The interchangeability 

of this terminology can be a source of confusion and therefore it is necessary to consider a 

practical example to illustrate when each term is appropriately used. For example, the on-

field law within soccer known as offside (Law 11) is universally applied since this is written 

into the laws of the game. Every competition governed under the self-regulatory governing 

body FIFA (Fédération Internationale de Football Association) applies this law during official 

matches. 

Rules provide the necessary framework and conditions to ensure individuals and 

teams can participate in sporting contests (Arias et al., 2011). Rules affect both structural 

(e.g., space, time, equipment, and number of players) and functional (e.g., the player’s use 

of structural elements) aspects (Arias et al., 2011). For example, when participating in rugby, 

the duration of a match or field dimensions is considered a structural rule, whereas 

a functional rule indicates the constraints of pass direction between players and the 

consequences if players fail to comply. This means rules of participation within sport can be 

categorised into two levels known as ‘establishment’ phase (e.g., the definitive rules of a 

particular sport which make the sport unique from other sports and ensures the viability of 



 

 67 

the sport) and the more complex ‘consolidation’ phase which relates to all the rule changes, 

modifications, clarifications, and rescissions implemented by governing bodies (Kew, 1987). 

Rules will not fully explain the behaviours of participants since rules are open to 

interpretation and allow the development of strategies or skills within the constraints 

imposed (Kew, 1990). That said, rule modifications should be analysed prior to their final 

introduction in a sport (Arias et al., 2011) and assessing their effectiveness within sport 

allows stakeholders to better understand game structures and responses to any changes 

(Eaves et al., 2008a).  

Rule changes are considered fundamental to the continual evolution of sports 

(Eaves et al., 2008b) and therefore should be systematically analysed and reviewed to 

determine their effectiveness in achieving specific outcomes (Williams et al., 2005). Rule 

changes can affect several outcomes, such as physical performance and technical-tactical 

events, injury incidence and prevention, match scoring or points awarded, and player 

development opportunities. Arias and colleagues (2011) narrative review on rule 

modifications in sport identified that key factors for implementing changes in sport included 

improving physical performance, attracting spectators, attending to commercial pressures 

(i.e., increasing revenue), adapting sport to children, reducing risk of injury, and attracting 

athlete participation. However, their review did not systematically extract outcome measures 

used to evaluate the effect of rule changes and therefore the influence of rule changes on 

outcomes such as physical performance and injury within sports has yet to be determined. 

Moreover, the rules by which sports are contested are constantly evolving and since the 

narrative review in 2011, the volume of research analysing the effects of rule changes with 

football-codes has substantially increased therefore a systematic review into the 

effectiveness of rule changes within football-code team sports is required. This was the first 

systematic review to examine the effects of rule changes within defined football codes. The 

aim of this systematic review is to assess the effects of rule changes within football-code 

team sports which are characterised by continuous play. 

 
3.2 Methods 

3.2.1 Design and Search Strategy 

The review protocol was prospectively registered with the Open Science Framework (DOI: 

https://doi.org/10.17605/OSF.IO/QV3DZ), and performed in accordance with the Preferred 

Reporting Items of Systematic Reviews and Meta-analyses (PRISMA) guidelines (Moher et 

al., 2009). PubMed, ScienceDirect, CINAHL, MEDLINE, and SPORTDiscus (via 

EBSCOhost) databases were systematically searched from inception to 31st August 2023. 

Keyword searches were performed for: rule* OR ‘rule change*’ OR ‘rule modification*’ OR 

https://doi.org/10.17605/OSF.IO/QV3DZ
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‘rule amendment*’ OR ‘rule manipulation*’ OR law* OR ‘law change*’ OR ‘law modification*’ 

OR ‘law amendment*’ OR ‘law manipulation* AND rugby OR ‘rugby league’ OR ‘rugby union’ 

OR ‘rugby 7s’ OR ‘Gaelic football’ OR football OR soccer OR ‘Australian rules football’ OR 

AFL AND match* OR game* OR fixture* OR competition* (details of the search strategy are 

outlined in Supplementary Material 3.1). Reference lists of eligible studies and review 

articles were also searched.  

 

3.2.2 Study Selection 

After eliminating duplicates, search results were screened independently by two 

researchers (GR, LC) against the eligibility criteria. References that could not be eliminated 

by title or abstract were retrieved and independently evaluated for inclusion via full-text. 

Reviewers were not masked to the title or authors of the publications. Disagreements were 

resolved by discussion or via a third researcher (DW). Reference lists of all retrieved papers 

were manually searched for other potentially eligible papers. To be considered within this 

review, studies had to meet the inclusion criteria (Table 2). No restriction was placed on 

participant age or sex.  

 

Table 2: Inclusion and exclusion criteria for the systematic literature search. 

Inclusion criteria Exclusion criteria 

• Human observational, prospective, 
retrospective, cross-sectional, longitudinal or 

intervention studies. 

• Study concerned physical performance, injury 

risk, or technical-tactical characteristics.  

• Full-text publication in a peer-review journal (in 

English). 

• Data collected in football-code team sports 
contests. 

• All playing standards and levels of 
competition. 

• At least one ‘match-play’ relevant rule or law 
change. 

 

• No full-text available (in English). 

• Study failed to quantify the change of rule within 
the football-code team sport. 

• Study failed to investigate football-code team 
sports. 

• Study was a review article. 

• Studies investigated solely off field outcome 
variables (e.g., ‘fan engagement’, sports betting 

and/or viewing figures). 

 

3.2.3 Data Extraction 

For each included study, the following data were extracted: first author and publication year, 

study overview, study aim(s), a description of the rule(s) changed, summary of outcome(s). 
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A meta-analysis was not performed as study designs were heterogeneous and therefore 

unable to be pooled. 

 

3.2.4 Assessment of Methodological Quality 

Articles were independently assessed for methodological quality by two authors (GR, LC) 

using a modified version of the Downs and Black (1998) checklist, whilst maintaining 27 

items, which has been previously used within team sport-related literature to assess 

methodological quality (Farley et al., 2020, Zanin et al., 2021). The Downs and Black 

checklist is designed to evaluate the methodological quality of both randomised controlled 

trials (RCT) and non-randomised comparative studies (Silverman et al., 2012). The Downs 

and Black checklist provides acceptable validity (correlated highly with the score of 

Standards of Reporting Trials Group [SRTG] [r = 0.90]) and reliability (measures of internal 

consistency [k = 0.89], test-retest reliability [r = 0.88], and interrater reliability [r = 0.75]) 

(Olivo et al., 2008), with similar performance reported between RCTs and non-randomised 

comparative studies (Zanin et al., 2021). 

Several reviews in the football-code research field have used a modified version of 

this assessment scale, using only 9 to 19 of the 27 criteria (Chesson et al., 2021, Crang et 

al., 2021b, Cummins et al., 2013, Dalton-Barron et al., 2020b, Johnston et al., 2018, 

Naughton et al., 2020), with very few applying all 27 items (Farley et al., 2020, Zanin et al., 

2021) in the assessment of methodological quality. Removing items from the Downs and 

Black checklist was not suitable for this review since the nature of studies included often 

compared an initial period with a period following which the rule change was implemented 

(i.e., an interrupted time series approach with a control period). Moreover, the most used 

modified Downs and Black checklist usually omits all the items related to confounding (items 

21-26), which is, given the research question, the main source of bias and methodological 

concerns in this review. Alterations such as removal of items may not guarantee the 

maintenance of its psychometric properties, and the validity and reliability of the Downs and 

Black checklist would need to be reassessed (Zanin et al., 2021).  

Nevertheless, item 27 in the Downs and Black checklist, which relates to statistical 

power, is ambiguous (Eng et al., 2007) and is therefore often modified to award one point 

for a ‘yes’ response, indicating the authors had reported a power analysis, or zero points for 

a ‘no’ answer, indicating they had not (Lyons et al., 2017). In light of this, and considering 

the quasi experimental (i.e., non-randomised) nature of studies in this review, all 27 

questions were used in this review. In keeping with recent systematic reviews within football-

code team sports (Farley et al., 2020, Zanin et al., 2021), item 27 was altered to a 
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dichotomous response. No additional subgroup analysis was undertaken on the basis of 

methodological quality.  

 
3.3 Results 

3.3.1 Identification and Selection of Studies 

Through the original database search 3166 articles were identified, with two others found 

through other sources. Following removal of duplicates and eligibility screening, 81 articles 

progressed to full-text review. Forty-four articles were included for final analysis. Figure 5 

provides a schematic representation of the decision process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5: Flow of selection process of eligible studies for inclusion within review 

Records identified through database 
searching (n=3166) 

Records after duplicates removed (n=1585) 

Records screened (n=1585) Records excluded (n=1504) 

Full-text articles assessed for 
eligibility (n=81) 

Full-text articles excluded (n=37): 
 
- Did not quantify the change of 
rule within defined football-code 
team sports (n=17) 
- Practice/ training data – not 
match data (n=6) 
- Not full-text or peer-review 
journal (n=5) 
- Study was a review article 
(n=3) 
- Wrong study design (n=5) 
- Investigated off-field outcome 
variables (n=1) 

Studies included in review (n=44) 
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3.3.2 Study Characteristics 

Study data from the 44 studies are outlined in Supplementary Material 3.2 to 3.5. Four 

different football-codes were included: soccer (n = 20) (Augste and Cordes, 2016, Ayabe et 

al., 2023, Bahamonde-Birke and Bahamonde-Birke, 2022, Beaudouin et al., 2019, 

Beaudouin et al., 2020, Butler and Butler, 2017, Dalton et al., 2015, García-Aliaga et al., 

2023, Guedes and Machado, 2002, Kobal et al., 2022, Kula et al., 2022, Meyer and Klatt, 

2021, Meyer and Klatt, 2023, Oliveira et al., 2021, Ribeiro et al., 2020, Shibukawa and 

Hoshikawa, 2022, Tarzi et al., 2022, Tok et al., 2017, Vaeyens et al., 2005, Vriend et al., 

2015), rugby union (n = 16) (Ashford et al., 2020, Bradley et al., 2018, Cooke et al., 2023, 

Fuller et al., 2009, Kraak et al., 2017a, Kraak et al., 2016, Kraak et al., 2017b, Lo et al., 

2019, Spencer and Brady, 2015, Stean et al., 2015, Stokes et al., 2021, Vahed et al., 2014, 

Vahed et al., 2016, van den Berg and Malan, 2012, van Tonder et al., 2022, Williams et al., 

2005), rugby league (n = 4) (Delves et al., 2022b, Eaves et al., 2008a, Eaves et al., 2008b, 

Gabbett, 2005) and Australian rules football (n = 4) (Orchard and Seward, 2009, Orchard et 

al., 2014, Savage et al., 2012, Wing et al., 2022). Six studies (Delves et al., 2022b, Gabbett, 

2005, Kobal et al., 2022, Tok et al., 2017, van Tonder et al., 2022, Wing et al., 2022) reported 

the physical characteristics (i.e., age, height, body mass) of participants. One study (Vriend 

et al., 2015) did not report the league or competition level. The playing standard of 

participants was determined in accordance with a five-tiered participant classification 

framework (McKay et al., 2022) which included: Tier 2: Trained/Developmental (n = 2; 5%) 

(Ashford et al., 2020, Vaeyens et al., 2005), Tier 3: Highly Trained/National Level (n = 10; 

23%) (Butler and Butler, 2017, Fuller et al., 2009, Kraak et al., 2017b, Ribeiro et al., 2020, 

Tok et al., 2017, Vahed et al., 2014, Vahed et al., 2016, van Tonder et al., 2022, Vriend et 

al., 2015, Wing et al., 2022), Tier 4: Elite/International Level (n = 27; 61%) (Ayabe et al., 

2023, Bahamonde-Birke and Bahamonde-Birke, 2022, Beaudouin et al., 2019, Beaudouin 

et al., 2020, Bradley et al., 2018, Delves et al., 2022b, Eaves et al., 2008a, Eaves et al., 

2008b, Gabbett, 2005, García-Aliaga et al., 2023, Guedes and Machado, 2002, Kobal et 

al., 2022, Kraak et al., 2017a, Kraak et al., 2016, Kula et al., 2022, Lo et al., 2019, Meyer 

and Klatt, 2021, Meyer and Klatt, 2023, Orchard and Seward, 2009, Orchard et al., 2014, 

Savage et al., 2012, Shibukawa and Hoshikawa, 2022, Spencer and Brady, 2015, Stean et 

al., 2015, Stokes et al., 2021, Tarzi et al., 2022, van den Berg and Malan, 2012) and Tier 5: 

World Class (n = 5; 11%) (Augste and Cordes, 2016, Cooke et al., 2023, Dalton et al., 2015, 

Oliveira et al., 2021, Williams et al., 2005). Eighty-six percent (n = 39) (Ashford et al., 2020, 

Augste and Cordes, 2016, Ayabe et al., 2023, Bahamonde-Birke and Bahamonde-Birke, 

2022, Beaudouin et al., 2019, Beaudouin et al., 2020, Bradley et al., 2018, Butler and Butler, 
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2017, Cooke et al., 2023, Dalton et al., 2015, Fuller et al., 2009, García-Aliaga et al., 2023, 

Guedes and Machado, 2002, Kobal et al., 2022, Kraak et al., 2017a, Kraak et al., 2016, 

Kraak et al., 2017b, Kula et al., 2022, Lo et al., 2019, Meyer and Klatt, 2021, Meyer and 

Klatt, 2023, Oliveira et al., 2021, Orchard and Seward, 2009, Orchard et al., 2014, Ribeiro 

et al., 2020, Savage et al., 2012, Shibukawa and Hoshikawa, 2022, Spencer and Brady, 

2015, Stean et al., 2015, Stokes et al., 2021, Tarzi et al., 2022, Tok et al., 2017, Vaeyens et 

al., 2005, Vahed et al., 2014, Vahed et al., 2016, van den Berg and Malan, 2012, van Tonder 

et al., 2022, Vriend et al., 2015, Williams et al., 2005) of studies investigated multiple teams. 

All extracted studies could be categorised broadly into four themes, namely effects 

of rule changes on: physical performance and technical-tactical events (n = 20; 45%) 

(Ashford et al., 2020, Augste and Cordes, 2016, Ayabe et al., 2023, Delves et al., 2022b, 

Eaves et al., 2008a, Eaves et al., 2008b, García-Aliaga et al., 2023, Kobal et al., 2022, 

Kraak et al., 2017a, Lo et al., 2019, Meyer and Klatt, 2021, Meyer and Klatt, 2023, Oliveira 

et al., 2021, Ribeiro et al., 2020, Spencer and Brady, 2015, Tok et al., 2017, Vahed et al., 

2016, van den Berg and Malan, 2012, Williams et al., 2005, Wing et al., 2022), injury 

incidence and prevention (n = 15; 34%) (Beaudouin et al., 2019, Beaudouin et al., 2020, 

Bradley et al., 2018, Cooke et al., 2023, Fuller et al., 2009, Gabbett, 2005, Orchard and 

Seward, 2009, Orchard et al., 2014, Savage et al., 2012, Shibukawa and Hoshikawa, 2022, 

Stean et al., 2015, Stokes et al., 2021, Tarzi et al., 2022, van Tonder et al., 2022, Vriend et 

al., 2015), match scoring or competition points awarded (n = 8; 18%) (Bahamonde-Birke 

and Bahamonde-Birke, 2022, Butler and Butler, 2017, Dalton et al., 2015, Guedes and 

Machado, 2002, Kraak et al., 2016, Kraak et al., 2017b, Kula et al., 2022, Vahed et al., 

2014) and player development opportunities (n = 1; 2%) (Vaeyens et al., 2005). This manual 

classification, although screened by two authors, may have been influenced by some level 

of bias (Okholm Kryger et al., 2022). All studies were published from 2002 onwards, with 

most studies (n = 34; 77%) (Ashford et al., 2020, Augste and Cordes, 2016, Ayabe et al., 

2023, Bahamonde-Birke and Bahamonde-Birke, 2022, Beaudouin et al., 2019, Beaudouin 

et al., 2020, Bradley et al., 2018, Butler and Butler, 2017, Cooke et al., 2023, Dalton et al., 

2015, Delves et al., 2022b, García-Aliaga et al., 2023, Kobal et al., 2022, Kraak et al., 

2017a, Kraak et al., 2016, Kraak et al., 2017b, Kula et al., 2022, Lo et al., 2019, Meyer and 

Klatt, 2021, Meyer and Klatt, 2023, Oliveira et al., 2021, Orchard et al., 2014, Ribeiro et al., 

2020, Shibukawa and Hoshikawa, 2022, Spencer and Brady, 2015, Stean et al., 2015, 

Stokes et al., 2021, Tarzi et al., 2022, Tok et al., 2017, Vahed et al., 2014, Vahed et al., 

2016, van Tonder et al., 2022, Vriend et al., 2015, Wing et al., 2022) published within the 

last decade. The highest number of studies published in a single calendar year was in 2022 

(n = 10; 23%) (Ayabe et al., 2023, Bahamonde-Birke and Bahamonde-Birke, 2022, Cooke 

et al., 2023, Delves et al., 2022b, Kobal et al., 2022, Kula et al., 2022, Shibukawa and 
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Hoshikawa, 2022, Tarzi et al., 2022, van Tonder et al., 2022, Wing et al., 2022) thus 

demonstrating that interest in this area of research is increasing. 

 

3.3.3 Methodological Quality 

Assessment of methodological quality is available in Supplementary Material 3.6. Summary 

scores resulting from this type of methodological quality checklist are not an appropriate 

way to appraise clinical trials (Higgins et al., 2011). A limitation of calculating summary 

scores from the checklist used is that, in doing so, the five dimensions (Reporting, External 

validity, Internal validity - bias, Internal validity – confounding, and Power) give the same 

weight to all sources of bias (Downs and Black, 1998, Higgins et al., 2011). Downs and 

Black (1998) acknowledge the methodological limitation of weighting, however also 

acknowledge that weighting requires further investigation and that, at the inception of the 

checklist, their recommendation to apply equal weighting is based upon insufficient 

evidence to prioritise one dimension over another rather than on any evidence each 

dimension is of the same importance. To overcome this issue, each dimension is discussed 

qualitatively. 
All studies included within this review clearly described the 

hypothesis/aims/objectives, the main outcomes to be measured, and the nature of the 

intervention (i.e., rule changes), from the perspective of reporting. Methodological quality, 

in particular the presence, description, and acknowledgement of confounding factors, is an 

important area of this review and 30 studies partially described confounding factors whilst, 

12 studies adequately adjusted for confounders within their analyses. From the perspective 

of external validity, participants cannot be considered representative of the entire population 

due to the different levels of participant which were classified accordance with a five-tiered 

participant classification framework (McKay et al., 2022). In relation to internal validity, 

included studies cannot feasibly be blinded due to their quasi-experimental nature. In the 

absence of preregistration (Toth et al., 2020), or a registered report submission format (Abt 

et al., 2021, Impellizzeri et al., 2019), a reviewer cannot definitively identify that data 

dredging, p-hacking, or HARKing (hypothesising after the results are known) has not taken 

place in which case item 16 is ‘unable to determine’. Compliance to a rule change within 

the context of football-code team sport match-play is often subjective and open to 

interpretation. Unless the rule changes implemented were objective (i.e., changes in points 

awarded) or compliance was explicitly outlined within the study, the response to item 19 is 

‘unable to determine’. Thirty-two studies included the same population of participants when 

comparing the period following rule changes to the original period whilst 12 studies 

compared two different populations within a sport (e.g., one competition format which 
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includes the revised rule compared to a competition format with the original rule applied). 

Thirty-nine studies included data collected and analysed across multiple seasons or 

competitions spanning multiple years and therefore ascertaining the period in which 

participants were recruited could not be determined. One study detailed a statistical power 

calculation to determine the stability of data analysed within their manuscript. 

 

3.3.4 Rules Changes within Football-code Team Sports 

3.3.4.1 Soccer 

Twenty studies investigated the effects of rule changes within soccer; on physical 

performance and technical-tactical events (n = 9; 45%) (Augste and Cordes, 2016, Ayabe 

et al., 2023, García-Aliaga et al., 2023, Kobal et al., 2022, Meyer and Klatt, 2021, Meyer 

and Klatt, 2023, Oliveira et al., 2021, Tok et al., 2017), injury incidence and prevention (n = 

5; 25%) (Beaudouin et al., 2019, Beaudouin et al., 2020, Shibukawa and Hoshikawa, 2022, 

Tarzi et al., 2022, Vriend et al., 2015), match scoring or points awarded (n = 5; 25%) 

(Bahamonde-Birke and Bahamonde-Birke, 2022, Butler and Butler, 2017, Dalton et al., 

2015, Guedes and Machado, 2002, Kula et al., 2022) and player development opportunities 

(n = 1; 5%) (Vaeyens et al., 2005). One study included participants from Tier 2, four from 

Tier 3, twelve from Tier 4, and three studies from Tier 5.  

Seven studies focused on the effect of an increase in substitutions (Ayabe et al., 

2023, García-Aliaga et al., 2023, Kobal et al., 2022, Meyer and Klatt, 2021, Meyer and Klatt, 

2023, Ribeiro et al., 2020, Tarzi et al., 2022). Outcome measures included number of 

substitutions, timing of substitutions, physical characteristics associated with match-play, 

and subjective measures of exertion and recovery. With additional permitted substitutes, 

the number of substitutions made increased (Ayabe et al., 2023, García-Aliaga et al., 2023, 

Meyer and Klatt, 2021, Meyer and Klatt, 2023). Coaches also made earlier substitutions 

when permitted (Meyer and Klatt, 2023). When 5 vs. 3 substitutions were allowed, physical 

characteristics (total distance and sprints) for players substituted into matches increased 

whilst it decreased for players who started or those who started and were replaced in 

matches (Ayabe et al., 2023). Garcia-Aliaga et al. (2023) categorised players who played 

the whole-match and, in the event of a substitution, considered the sum of both players 

combined as a single-match player observation. Physical characteristics (including total 

distance and distances > 14 km.h-1) were greater for players substituted at half-time (i.e., 

data combined with the starting player) when 5 substitutions were permitted (García-Aliaga 

et al., 2023). There was also a significantly lower rating of perceived exertion (RPE), 
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reduced match RPE (RPE x duration), and a higher total quality recovery score in the 

presence of 5 vs. 3 substitutions (Kobal et al., 2022). 

 Three studies investigated changing the number of points awarded for a match 

victory (Butler and Butler, 2017, Guedes and Machado, 2002, Kula et al., 2022). When 

teams were considered as Favourites, they scored on average 13.4% more goals per match 

when three points were awarded however teams which were considered as Underdogs 

were less affected (Guedes and Machado, 2002). Kula et al. (2022) also reported an 

increase in goals scored in Turkish professional soccer when three points were available. 

The total number of offensive moves during matches and offensive moves per match 

specifically by those labelled as underdogs increased following this rule change (Guedes 

and Machado, 2002). 

Eighty percent of studies investigating the effects of rule changes upon injury 

incidence and prevention within soccer focused on head trauma (Beaudouin et al., 2019, 

Beaudouin et al., 2020, Shibukawa and Hoshikawa, 2022, Tarzi et al., 2022). Elbow-to-head 

mechanisms accounted for 35% of head injuries in soccer (Beaudouin et al., 2020). IFAB 

introduced a rule change in 2006 that penalised intentional elbow-to-head strikes with a 

direct red card. However, whilst the number of total number of head injuries significantly 

reduced in the five-year period following this change (Beaudouin et al., 2019), head injuries 

caused by raising the elbow to the head were not significantly reduced (Beaudouin et al., 

2020). The tactic of long goal kicks reduced because of a 2019 rule change that permitted 

teammates to receive the ball inside their own penalty area from a goal kick which led to an 

increase in short goal kicks, reduction in aerial challenges, and reduced fouls following goal 

kicks (Shibukawa and Hoshikawa, 2022). There were no differences reported on head 

collision events per 1000 hours or the duration of medical assessment during the period of 

additional permanent concussion substitutes (Tarzi et al., 2022). 

 

3.3.4.2 Rugby Union 

Sixteen studies investigated the effects of rule changes within rugby union on physical 

performance and technical-tactical events (n = 7; 44%) (Ashford et al., 2020, Kraak et al., 

2017a, Lo et al., 2019, Spencer and Brady, 2015, Vahed et al., 2016, van den Berg and 

Malan, 2012, Williams et al., 2005), injury incidence and prevention (n = 6; 37%) (Bradley 

et al., 2018, Cooke et al., 2023, Fuller et al., 2009, Stean et al., 2015, Stokes et al., 2021, 

van Tonder et al., 2022) and match scoring or points awarded (n = 3; 19%) (Kraak et al., 

2016, Kraak et al., 2017b, Vahed et al., 2014). One study included participants from Tier 2, 

five studies from Tier 3, eight studies from Tier 4 and two studies from Tier 5. All sixteen 

studies involved multiple teams. 
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Six studies investigated the effects of the change of the scrum engagement call 

made by a referee from “crouch, touch, pause and engage” to “crouch, bind, set” (Bradley 

et al., 2018, Kraak et al., 2017a, Kraak et al., 2016, Stean et al., 2015, Vahed et al., 2014, 

Vahed et al., 2016). Outcome measures included scrum frequency and duration, scrum 

stability, and infringements (e.g., early engagements). Scrum duration increased in Northern 

Hemisphere international rugby (Bradley et al., 2018) whereas scrum duration reduced in 

the second half of Southern Hemisphere domestic matches (Vahed et al., 2014). Scrum 

frequency, reset scrum frequency, and frequency of reset scrums due to collapsing 

increased in northern hemisphere competition (Stean et al., 2015). A reduction in early 

engagements (Bradley et al., 2018, Stean et al., 2015) and scrums pulled down (Bradley et 

al., 2018) was also reported. By contrast, Southern hemisphere competition reported a 

reduction in scrum (Kraak et al., 2017a, Kraak et al., 2016, Vahed et al., 2014, Vahed et al., 

2016) and scrum reset frequency (Kraak et al., 2017a, Kraak et al., 2016). 

The tackle (including tackles, missed tackles and post-tackle work) was an outcome 

measure in seven studies (Fuller et al., 2009, Lo et al., 2019, Stokes et al., 2021, Vahed et 

al., 2014, Vahed et al., 2016, van den Berg and Malan, 2012, van Tonder et al., 2022) and 

was described as the source of most time-loss injuries (55-57%) (van Tonder et al., 2022). 

During the standard tackle height period (i.e., ‘line of the shoulder’), 45/61 concussions 

(74%) occurred in tackles, of which tacklers sustained 56% (Stokes et al., 2021). In the 

lowered tackle height period (i.e., ‘line of the armpit’), 27/32 concussions (84%) occurred in 

the tackle (67% to tacklers) (Stokes et al., 2021). Reducing the maximum tackle height from 

the line of the shoulder to armpit resulted in no difference to incidence of time-loss injuries, 

head injuries or sport-related concussions (van Tonder et al., 2022). Reducing tackle height 

did elicit improved tackler behaviour (evidenced by reduced tackler upright body position 

and reduced head and neck initial point of contact on ball carrier per 100 tackle actions) 

(Stokes et al., 2021). Lowered tackle height did not significantly reduce incidence of time-

loss injuries, head injuries, or sports related concussion (per 1000 hours of match-play) 

(Stokes et al., 2021, van Tonder et al., 2022). 

Five studies included analyses of the effect of the television match official (TMO; 

allowing on field referee to consult with TMO) on match duration (Kraak et al., 2017a, Kraak 

et al., 2016, Vahed et al., 2014, Vahed et al., 2016, Williams et al., 2005). Whole-match and 

BIP duration increased following the introduction of the TMO in January 2000 (Williams et 

al., 2005). The duration of international matches increased in 2013 (Kraak et al., 2017a). In 

domestic competition, BIP duration reduced following this rule change (Kraak et al., 2016), 

and match duration during second halves and match stoppage time in first halves increased 

(Vahed et al., 2014). 
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3.3.4.3 Rugby League 

Four studies investigated the effects of rule changes within rugby league; on physical 

performance and technical-tactical events (n = 3; 75%) (Delves et al., 2022b, Eaves et al., 

2008a, Eaves et al., 2008b) and injury incidence and prevention (n = 1; 25%) (Gabbett, 

2005). All four studies included participants from Tier 4. Two studies included participants 

anthropometrical characteristics.  

One study reported reduced injury incidence (per 1000 playing hours) as an 

outcome measure of changing interchange rules from unlimited to a maximum of 12 during 

match-play (Gabbett, 2005). During the 2019 Super League season, rule changes included 

reduced interchanges (from 10 to 8), the introduction of a shot-clock, and addition of ‘Golden 

Point’ and therefore the effects of the introduction of these rules require investigation. One 

study investigated the impact of the “six-again” rule on acceleration characteristics of match-

play reported greater acceleration intercepts, BIP duration, and longer BIP phases and 

greater mean acceleration during BIP periods (Delves et al., 2022b). The “six-again” rule 

was introduced into Super League competition in 2020 therefore the effects of this rule 

change require investigation. 

 

3.3.4.4 Australian Rules Football 

Four studies investigated the effects of rule changes within Australian rules football; on 

physical performance and technical-tactical events (n = 1; 25%) (Wing et al., 2022) and 

injury incidence and prevention (n = 3; 75%) (Orchard and Seward, 2009, Orchard et al., 

2014, Savage et al., 2012). One study included participants from Tier 3 and three studies 

included participants from Tier 4. One study included participants anthropometrical 

characteristics.  

Match duration and cumulative physical outputs (e.g., distance, HSR distance and 

HSR efforts) reduced, therefore average speed (m.min-1) increased, in response to the 

shortening of match quarters and reducing number of fixtures within a season (Wing et al., 

2022). Lower limb injury incidence (measured by posterior cruciate ligament (PCL) injuries 

per 10,000 player hours) and injuries specifically related to the centre bounce reduced 

following limiting the length of ruckman run-up using a 10m circle (Orchard and Seward, 

2009). Facial fractures recorded were reduced following changes to the Australian Football 

League (AFL) tribunal system permitting a match review panel to observe incidents and 

recommend player infringements (Savage et al., 2012). Following a reduction in fixtures 

during a season and a 20% reduction in quarter length, distance, HSR distance and HSR 

efforts reduced whilst average speed increased (Wing et al., 2022). 
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3.4 Discussion 

This was the first systematic review assessing the effects of rule changes within football-

code team sports. Following screening 44 studies were included. Outcome measures 

aligned to four themes: physical performance and technical-tactical events, injury incidence 

and prevention, match scoring or points awarded, and player development opportunities. 

The most researched code was soccer, with most focusing on physical performance and 

technical-tactical events. Overall, 84% of studies reported an effect of rule changes upon 

the investigated outcome. Unintended consequences of rule changes within football codes 

may be attributable to the observational design of most studies which does not allow 

researchers to control for factors such as environmental conditions, seasonality, and player 

selection. Furthermore, the application of rules is open to interpretation by coaches, players, 

and match officials, who may interpret situations differently from one another, contributing 

to inconsistencies between studies. 

 

3.4.1 Soccer 

3.4.1.1 Effects on Physical Performance and Technical-Tactical Events 

The introduction of vanishing foam spray during free kicks in the 2014 FIFA World Cup led 

to longer free kick execution times than in the 2006 FIFA World Cup (without foam spray) 

(Augste and Cordes, 2016). Additionally, a rule change on medical attention (i.e., whether 

a player stayed on the field to receive treatment [2014 FIFA World Cup]) or was removed 

from the field [2006 FIFA World Cup]) led to longer breaks in play and delays during 

matches. These findings highlight the potential unintended consequences of rule changes, 

suggesting the need for continual evaluation and additional modifications to mitigate 

undesired effects. Several studies investigated changes to permitted substitutions within 

soccer (Ayabe et al., 2023, García-Aliaga et al., 2023, Kobal et al., 2022, Meyer and Klatt, 

2021, Meyer and Klatt, 2023) revealing that teams used the increased substitution 

allowance (García-Aliaga et al., 2023, Meyer and Klatt, 2021, Meyer and Klatt, 2023). Due 

to this rule change, timing of substitutions was made by coaches significantly earlier during 

matches (Meyer and Klatt, 2023). More substitutions reduced minutes played and perceived 

exertion by players which was suggested to improve the balance between stress and 

recovery during matches (Meyer and Klatt, 2021). In Japanese soccer, increasing 

substitutions from 3 to 5 improved running performance (measured by total distance and 

sprint frequency) (Ayabe et al., 2023). Garcia-Aliaga et al. (2023) also reported improved 

physical performance (e.g., total distance), when five substitutes were permitted. In junior 

soccer, increased substitutions did not significantly affect playing time, score, or red cards 
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per match (Ribeiro et al., 2020). Moreover, increasing the number of substitutes from < 3 to 

4-5 did not affect physical and technical parameters but did result in lower RPE and session-

RPE (RPE x duration), higher quality of recovery (measured using total recovery 

questionnaire on a rating scale of 6-20 (Kenttä and Hassmén, 1998)), and lower time played 

by the player (Kobal et al., 2022). Differing results for similar rule change interventions are 

likely due to different playing populations, research methods or statistical analysis 

approaches. The implementation of the video assistant referee (VAR), which is a 

technological apparatus that enables referees to review their decisions on video, during the 

2018 FIFA Men’s World Cup affected both physical and technical aspects of matches. 

Matches with VAR reduced the number of sprints and total passes attempted by players 

and teams yet resulted in a higher percentage of accurate passes, fewer offsides and fouls 

but more penalties, more yellow cards, and extended total match time (Oliveira et al., 2021). 

A study on a revised offside rule showed that dividing the playing surface into thirds instead 

of halves increased total distance covered by players, particularly in high-speed running 

(Tok et al., 2017) as this change allowed for more space for players which potentially led to 

a faster and more entertaining spectacle for spectators. 

 

3.4.1.2 Effects on Injury Incidence and Prevention 

Implementing a red card for an intentional elbow-to-head strike resulted in a 23% reduction 

in fouls categorised as ‘raises elbow to head’ but was not statistically significant (Beaudouin 

et al., 2020). Beaudouin et al. (2019) also investigated injury incidence rate per 1000 match 

hours in the seasons before and after this rule change reporting a 29% reduction in head 

injuries following the rule change. These suggest injury prevention strategies using rule 

changes appear effective in reducing the occurrence of head injuries within male soccer 

players. The trial of additional permanent concussion substitutes did not show significant 

differences in head collision events or medical assessments between the pre- and post-

implementation periods (Tarzi et al., 2022). Aerial challenges, which often occur because of 

long goal kicks (Putukian et al., 2019), are a risk factor for head injury and concussion in 

soccer. A rule change permitting goal kicks to be taken with a teammate inside the penalty 

area encouraged shorter passes and reduced the number of long goal kicks thereby 

reducing the number of aerial challenges and fouls following goal kicks (Shibukawa and 

Hoshikawa, 2022). Making the wearing of shin guards mandatory in soccer led to a 

significant reduction in lower leg injuries in amateur soccer players (Vriend et al., 2015), 

therefore demonstrating the positive impact of rule changes on reducing risk of injury risk. 
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3.4.1.3 Effects on Match Scoring or Points Awarded 

Prior to the away goal rule all goals were treated equal. The away goal rule states that when 

both teams score the same number of goals over two matches (i.e., sum of both games) 

the team scoring more goals away from home would progress. This was introduced to 

encourage more offensive play and increase scoring. However, this did not show significant 

effects on goals scored by teams playing away from home (Bahamonde-Birke and 

Bahamonde-Birke, 2022). Prior to 1997, goalkeepers had to remain stationary until the ball 

was struck during a penalty kick. Permitting goalkeepers to move laterally along their line 

during penalty kicks reduced the penalty kick conversion rate during match-play (Dalton et 

al., 2015). Three studies investigated changing the number of points awarded for a victory 

from two to three points for a win (Butler and Butler, 2017, Guedes and Machado, 2002, 

Kula et al., 2022) which was implemented to incentivise teams to win matches rather than 

settle for a draw. Kula et al. (2022) reported Turkish first division soccer teams scored 

significantly more goals following this rule change. While the change did not significantly 

impact total goals scored, one study showed that it affected offensive moves and scoring 

patterns, with teams considered favourites benefiting more from the new rule (Guedes and 

Machado, 2002). Inconsistent findings are perhaps explained by playing personnel, 

participating teams, competition level, evolution of tactics and philosophy, and changes to 

physical performance levels which should be considered within future research by taking 

these random effects into account when exploring and modelling data. 

 

3.4.1.4 Effects on Player Development Opportunities 

Limited research exists on the effects of rule changes on player development opportunities. 

However, rules are written into several football codes with this objective. For example, the 

Union of European Football Associations (UEFA) enforced a Homegrown Player Rule in 

2008/09 which stipulates that clubs must name a maximum of 25 players for List A (i.e., 

European competition squad) and that a minimum of 8 players in this squad are trained by 

clubs from the same national league, with 4 of players being from the club’s own youth 

system. The aim of this UEFA intervention was to protect young players and encourage the 

local training of young players (UEFA, 2023). The “under-21 rule” introduced by the Royal 

Belgian Football Association similarly aimed to provide young players with more senior 

playing opportunities in second and third national division teams. However, compliance with 

the rule did not result in a significant increase in the playing time of under-21 players 

(Vaeyens et al., 2005), suggesting that rule changes are not straightforward in providing 

playing opportunities to young athletes in competitive senior sports and subsequent 

strategies are required. 
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3.4.2 Rugby Union 

3.4.2.1 Effects on Physical Performance and Technical-Tactical Events 

A rule change that penalised players if the team in possession did not throw the ball into 

play within 20 seconds of the assistant referee marking the lineout resulted in significant 

increases in both BIP time and passes per min, whilst a rule change forbidding open play 

kicks to land directly out of the field of play (i.e., prior to bouncing in field) increased number 

of kicks per minute (Ashford et al., 2020). Set-piece law changes (i.e., Law 19) which states 

if a team puts the ball back into its own 22m area and the ball is subsequently kicked directly 

into touch then there is no gain in territory, was suggested to explain a reduced number of 

lineouts (Kraak et al., 2017a). Equally, a law change (i.e., Law 20) in scrum engagement 

from “crouch, touch, pause, engage” to “crouch, bind, set” elicited reduced number of 

scrums which could be due to increased stability during the scrum event (Kraak et al., 

2017a). Eleven seasons of analysis of Super Rugby competition data, from 2006 to 2016, 

revealed that implementation of 2008 experimental law variations, which included 

amendments to Law 17 – Maul; Law 19 – Touch and Lineout; Law 20 – Scrum; and Law 22 

– Corner Posts, led to more offensive and open-play rugby, with increased clean breaks, 

defenders beaten, and tries scored (Lo et al., 2019). An experimental law variation 

colloquially known as “use it or lose it” was introduced in 2012 to encourage continuity and 

increase open play. However, research by Spencer and Brady (2015) revealed that the 

experimental law variation did not achieve its intended objective as evidenced by increased 

closed game tactics (e.g., increased number of pick-and-go events) and a decrease in open 

play time. Continuity of matches (measured via whole-match and BIP duration) was also 

investigated within international and domestic professional rugby over a four-year period 

with yearly differences established as well as differences between northern and southern 

hemisphere competition, especially BIP duration where BIP time was significantly greater 

(Williams et al., 2005). These authors go on to speculate that whilst BIP time increased, the 

frequency and ferocity of contacts may also have increased, which would likely increase 

injury incidence within the game resulting in more stoppages and longer whole-match 

duration. With specific reference to match events, Super Rugby competition reported 

reduced set piece (i.e., scrum and lineouts) and an increase in the number of tackles made, 

meters gained and penalties conceded ruck frequency, defence beaten and passes made 

in response to multiple experimental law variations (van den Berg and Malan, 2012). Rule 

changes in rugby union have been reported to influence various time-related aspects of the 

game. Vahed et al. (2014) demonstrated that modifications including extended TMO 
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jurisdiction and the “use it or lose it” rule impacted match duration, ruck and maul time, 

tackle time, and scrum time. Furthermore, renaming scrummage engagement commands 

and other adjustments led to decreased scrum time and less resets (Vahed et al., 2014). 

Collectively, these responses to the implementation of rule changes demonstrate that player 

behaviours can be manipulated with the application of rule changes leading to changes in 

team tactics, skill attempts and strategy. 

 

3.4.2.2 Effects on Injury Incidence and Prevention 

The scrum, a set-piece contact area in rugby which elicits high-impact forces between 

opposing players (Hendricks et al., 2014), has undergone modifications to improve player 

safety. A revised engagement sequence introduced in 2013 was shown to increase scrum 

duration and enhance stability (Bradley et al., 2018) and reduce peak load in a training 

environment measured using 500 Hz shoulder pressure sensors by 35% than the previous 

sequence (Cazzola et al., 2015). The newly introduced “crouch, bind, set” sequence also 

reduced the incidence of collapsed scrums and early engagements, contributing to 

improved player welfare (Stean et al., 2015). Fuller et al. (2009) compared injury incidence 

between competitions with experimental law variations related to lineouts, tackles, and 

mauls and found that the Vodacom Cup (which included experimental law variations) had 

lower injury rates than the English Premiership, highlighting the potential of rule changes to 

reduce injuries. Head injury assessment protocols were written into World Rugby laws in 

2015 prior to the Rugby World Cup. The incidence of concussions almost doubled from 7.8/ 

1000 player hours in 2011 to 13.9/1000 player hours in 2015 and was consistent in 2019 a 

rate of 12.8/1000 player hours in 2019 therefore suggesting that the implementation of this 

law change has increased identification of players who may have suffered concussion 

(Cooke et al., 2023). The tackle event is the incident most associated with time-loss head 

injuries and sports-related concussion in rugby union (van Tonder et al., 2022). Reducing 

the legal tackle height from the shoulder to the armpit with the objective of reducing head 

and neck contact during tackle events did elicit a change in tackler behaviour (i.e., reduced 

prevalence of illegal tackles) (Stokes et al., 2021); however this law change did not elicit a 

significant reduction in concussion incidence (Stokes et al., 2021, van Tonder et al., 2022). 

In light of the change of tackler behaviour, Stokes et al. (2021) suggested the most 

efficacious approach to improve player safety around the tackle event may be to improve 

coach and player education and awareness when implementing law changes. 
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3.4.2.3 Effects on Match Scoring or Points Awarded 

Changes to the number of points awarded for specific actions within rugby union matches 

have impacted match scoring. A scoring change that increased the points for a conversion 

and decreased points for penalties and drop goals resulted in more tries and conversions, 

fewer penalties and drop goals, indicating that teams were more encouraged to attempt 

scoring tries (Kraak et al., 2017b). When comparing scoring profiles between 2008 and 

2013 rugby seasons, Kraak et al. (2016) reported significant differences in the number of 

tries, conversion kicks, penalties, and drop goals, attributed to the introduction of Law 16.7 

(i.e., “use it”) and other relevant law changes. Changes to Law 16.7 (c) have also been 

investigated within Currie Cup competition. Greater continuity was observed in matches 

which were shown to be physically more intense (i.e., more successful tackles and passes 

completed, alongside fewer handling errors and tries scored) which the authors attributed 

to a more defensive playing style by committing less players to the ruck (Vahed et al., 2016). 

This study also found fewer tries but more successful tackles and passes completed, 

suggesting more physically intense and continuous matches as a response to the rule 

changes (Vahed et al., 2016). These studies demonstrate that rule modifications can 

influence how teams approach scoring points within matches (e.g., greater or fewer 

numbers of tries depending on intervention). Law changes related to scoring mechanisms 

continue to be implemented within rugby union (e.g., introduction of ‘shot-clock’ at 2023 

Rugby World Cup) therefore ongoing research to understand their effects is required. 

  

3.4.3 Rugby League 

3.4.3.1 Effects on Physical Performance and Technical-Tactical Events 

Eaves et al. (2008a) studied the effects of several rule changes between 1992 and 2000 in 

professional northern hemisphere rugby league. While the changes (including the 10m 

offside rule, a change in playing season, and the 40-20 kick rule) influenced some match 

variables, they had little impact on playing patterns overall. The 10m offside rule reduced 

ruck time, and the change in playing season to summer further increased ruck speed. 

However, the overall playing patterns remained relatively unaffected by these rule changes. 

A 2020 rule change introduced in both northern and southern hemisphere rugby league, the 

colloquially names ‘six-again’ rule, aimed at increasing match speed and promoting greater 

BIP time, which could influence the activity profile of athletes during competition. Under the 

“six-again” rule, the defending team’s tackle count was reset to a full six tackles when an 

infringement occurred with the objective of increasing match speed. This was reported to 

substantially increase acceleration characteristics in the 2020 and 2021 seasons than 2019 
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during NRL match-play (Delves et al., 2022b). Mean acceleration during BIP time was also 

higher in 2020 than 2019 during NRL match-play (Delves et al., 2022b). The 2020 Super 

League season included the introduction of the ‘six again’ rule and removal of scrums in 

response to COVID-19 return-to-play restrictions, however the effects of the introduction of 

these rules within this playing population require investigation. These findings emphasise 

the importance of understanding how rule changes affect physical demands and match 

event characteristics to better prepare players for the evolving performance demands. 

Coaches and players should consider the evolving physical demands of the sport when 

adapting to rule modifications.  

 

3.4.3.2 Effects on Injury Incidence and Prevention 

Rugby league operates an interchange rather than substitution policy which since 2019 has 

been implemented as eight permitted interchanges per side in professional Super League 

and National Rugby League (NRL) competition. Previous research demonstrated that injury 

incidence (per 1000 hours) significantly decreased following changes to the interchange 

limit (i.e., reducing interchanges from unlimited to maximum of twelve) (Gabbett, 2005). This 

suggests that despite potentially increasing the physiological demands on players and 

causing them to perform more frequently in a fatigued state, this state may reduce match 

speed and collision forces leading to a lower injury incidence (Gabbett, 2005). These 

findings indicate that the interchange policy has an impact on injury rates and player fatigue 

during matches. Reduced number of player interchanges, implementation of a shot-clock, 

and addition of ‘Golden Point’ (i.e., added time for matches tied at full-time) were three rule 

changes implemented ahead of the 2019 Super League season. By understanding the 

relationship between interchanges and injuries, rugby league authorities and coaching staff 

can implement strategies to manage player health and wellbeing, whilst optimising match 

performance. 

 

3.4.4 Australian Rules Football 

3.4.4.1 Effects on Physical Performance and Technical-Tactical Events 

In response to time lost due to the suspension of competition during the COVID-19 

pandemic, the 2020 season was reduced by 55% to an 8-game regular season plus finals. 

Additionally, match quarters were shortened by 20%, from 20 minutes plus time-on (i.e., 

period of added time to account for stoppages in play) to 16 minutes plus time-on. The 

effects of these changes revealed significant reductions in match duration, distance 
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covered, high-speed running distance, and high-speed running efforts; however, average 

speed increased as a result (Wing et al., 2022). Injury rates remained similar between 2019 

and 2020, but the proportion of injuries leading to missed matches was higher in 2020 (Wing 

et al., 2022). This suggests that rule changes can have a considerable influence on player 

performance and injury likelihood. 

 

3.4.4.2 Effects on Injury Incidence and Prevention 

Australian rules football is played over four-quarters; each beginning with a centre bounce 

where two opposing players sprint towards a bounced ball in the centre of the field and jump 

towards the ball to win possession. In 2005, rules were introduced to minimise knee injuries 

during centre bounces. These changes successfully reduced the incidence of PCL injuries 

and facial fractures (Orchard and Seward, 2009). That same year (2005), the AFL changed 

their tribunal system to a match review panel which would observe incidents and 

recommend player infringements. A reduction of facial fractures in the period following this 

2005 rule change was deemed to be a potential consequence of this implementation 

(Savage et al., 2012) however these authors did not complete significance testing on this 

dataset therefore quantifying the magnitude of any effects this rule change may have had 

are problematic. From 2003 to 2014, the AFL implemented 26 rule changes, many aimed 

at mitigating head and neck injuries and concussions. A rule change in 2007, awarding a 

free kick to a player with their head over the ball in case of high contact, led to a significant 

reduction in facial fractures and head/neck injuries (Orchard et al., 2014). However, 

concussion rates increased from 2011 onward, attributed to the “Concussion rule”, which 

prevented concussed players from returning to the game (Orchard et al., 2014). A 2011 

“Substitute rule” involving fewer interchanges and a permanent substitute player resulted in 

lower groin and hamstring injury incidences from 2011 to 2013 (Orchard et al., 2014), 

indicating that rule changes addressing athlete load can effectively reduce injury risk. These 

findings underscore the role of rule modifications in shaping injury patterns in Australian 

rules football. 

 

3.4.5 Cross-sport potential application of rule changes within football-code team 
sports  

This review has outlined rule changes which have taken place within football-code team 

sports, and their effectiveness in achieving desired outcomes. Findings from specific 

football codes have potential application across sports. Reducing the risk of head injuries 

is desirable within all football codes. Rugby union (Cooke et al., 2023) and rugby league 
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have head injury assessment protocols to allow players with suspected concussive 

symptoms to be assessed off the pitch, prior to permanent removal when necessary. 

Whereas soccer (Tarzi et al., 2022) has permanent removal following an on-field 

assessment. Future studies may benefit from evaluating the effectiveness of both 

approaches from a laws perspective. Rugby league differs from other continuous match-

play football codes, such as soccer and rugby union, in that players are interchanged in 

rugby league rather than substituted. Interchanging allows the player who leaves the field 

to return to the field later in the match, whereas a substituted player is not allowed to re-

enter the match. Within both soccer and rugby union, teams can presently replace ~50% of 

their starting players (i.e., eight out of fifteen in rugby union and five out of eleven in soccer). 

Performing a substitute requires the match to be completely stopped and contributes to 

inactive on-field time whereas within rugby league the action of interchanging a player 

occurs during live match-play, potentially contributing to a more continuous experience. The 

evaluation of number of interchanges on injury incidence (Gabbett, 2005) may be applied 

to other sports which aim to change the match demands. Player development opportunities 

are of great importance in soccer which is emphasised by the “Homegrown Player Rule” 

(Vaeyens et al., 2005), implemented by UEFA almost 20 years ago. Although not written 

into the laws of rugby union, the United States competition format, Major League Rugby 

(MLR), also implemented a similar rule in late-2020 which aims at incentivising sustained 

player development (Rugby, 2020). This MLR-specific rule stipulates that participating 

teams can designate up to five academy players as “homegrown” each year, which allows 

certain protections for the player to be assigned to a team without having to go through a 

central allocation process such as the ‘Collegiate Draft’ (Rugby, 2020), however the effects 

of this rule with respect to development opportunities have not been quantified within 

literature and therefore requires investigation. 

 

3.4.6 Limitations 

Findings illustrated within this review may be limited due to several factors related to the 

content of the selected studies. Firstly, several studies did not account for confounding 

factors within their analysis which may contribute to the observed changes in measured 

outcomes over time which are not related to the intervention (i.e., the rule change). For 

example, whilst contextual factors (i.e., possession, scoreline, or player location on the field) 

and environmental-related conditions (i.e., venue, temperature, or weather) might influence 

outcomes within games, when observing pre- and post-changes over longer periods of time 

(e.g., several seasons), other factors also contribute, such as evolution in tactical 

approaches by teams that in turn influence outcomes (Dalton-Barron et al., 2020b). 
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Confounding should be accounted for using appropriate statistical methods (i.e., accounting 

for the covariance or hierarchical nature of data) (Balague et al., 2017). Secondly, a 

limitation of the current literature investigating the effects of rule changes in football-code 

team sports is that none of the studies included within this review were preregistered or 

registered report submissions and therefore methods, including statistical analysis, and 

presentation of results are susceptible to bias. The prevalence of HARKing in sport and 

exercise science is unknown, but other disciplines estimate that upwards of 30% of 

researchers engage in the practice (John et al., 2012) and therefore, to increase 

transparency, researchers should where possible register their work (Abt et al., 2021, 

Caldwell et al., 2020, Impellizzeri et al., 2019). Whilst preregistration in and of itself is not 

an indicator of study quality, preregistration encourages transparency of study methods and 

analyses (Toth et al., 2020). Thirdly, publication bias is a concept which refers to the 

selective publication of research studies based on their positive effect findings (Dickersin, 

1990, Mesquida et al., 2023). A characteristic of publications bias is greater likelihood of 

statistically significant findings being published than null findings when research quality is 

of an equal standard (Franco et al., 2014), and is a limitation within biomedical (Song et al., 

2010), social (Coursol and Wagner, 1986, Gerber and Malhorta, 2008), and sports and 

exercise (Mesquida et al., 2023, Twomey et al., 2021) sciences. Finally, included studies 

were manually classified into broad themes, as has been in the case in previous literature 

(Okholm Kryger et al., 2022), which although screened by two independent reviewers may 

have been influenced by some level of bias.  

 

3.4.7 Future Directions 

This review has identified several rule changes within football-code team sports which may 

be transferrable across sports and can be used to stimulate thought and inspiration for 

future studies. Previous literature has identified basic stages for researchers to follow when 

studying rule changes in sports (Arias et al., 2011), yet the pool of evidence appears at a 

high risk of bias. This is contributed to partly due to the quasi-experimental nature of 

included studies, which are inherently non-randomised, but also due to the lack of control 

for confounding factors within most studies in this area. It is important that future studies 

analysing an interrupted timeseries, as is often the case in studies investigating the effects 

of rule changes within football codes, account for confounding factors by implementing 

suitable statistical analysis (e.g., linear mixed effect modelling) (Paul et al., 2015). It remains 

unclear if rule or law changes completed within specific playing populations cascade across 

all playing populations in that sport (e.g., a law change in male sport may or may not elicit 

the same responses in female players) and therefore accounting for playing population is 
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recommended in future studies which will broaden the evidence-based usefulness of rule 

changes in sport. It is recommended that studies investigating the effects of rule changes 

within football-code team sports are preregistered or submitted as registered reports 

whenever possible to reduce risk of bias through reducing the potential for data dredging, 

p-hacking, HARKing, lack of replications, and selective reporting (Impellizzeri et al., 2019).  

 

3.5 Conclusions 

Rule changes are common within the context of football-code team sports characterised by 

continuous match-play and is an emerging area of research. Rule changes have impacted 

different facets of the sports and their participants, including physical performance and 

technical-tactical events, injury incidence and prevention, match scoring or points awarded, 

and player development opportunities. This review provides insight into the depth of 

research investigating the effects of rule changes within football-code team sports and 

reveals that the pool of evidence is at risk of bias with studies demonstrating a distinct lack 

of consistency in research methods, outcome measures and statistical analyses. Consistent 

data collection and reporting of outcome measures of rule changes would allow coaches 

and medical staff to better prepare players for the demands of competition. Overall, the 

consequences of rule changes within sports can be far-reaching and multifaceted. They 

require careful consideration, research, and often consultation with stakeholders to ensure 

that the intended outcomes are achieved whilst maintaining the essence of the sport. 

Ongoing research is required to evidence the effects of future rule changes within football-

code team sports. Such research would broaden the evidence-based usefulness of rule 

changes and help guide governing bodies to achieve intended outcomes.
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Abstract 

Understanding differences in locomotor and collision characteristics between phases of play 

can help rugby league coaches develop training prescription. There are no data currently 

available describing these differences at the elite international level. The aim of this study 

was to determine the differences in average speed (m∙min−1), high-speed running (>5.5 

m∙s−1) per minute and collision frequencies per minute (n∙min−1) between attack and 

defence during the 2017 Rugby League World Cup (RLWC). Microtechnology data were 

collected from 24 male professional rugby league players from the same international squad 

across six matches of the RLWC. Data were then subject to exclusion criteria and stratified 

into forwards (n = 9) and backs (n = 7) before being analysed with linear mixed-effects 

models. When comparing attack with defence, forwards and backs had substantially slower 

average speeds (effect size [ES]; ±90% confidence limits: −2.31; ±0.31 and −1.17; ±0.25) 

and substantially greater high-speed distance per minute (1.61; ±0.59 and 4.41; ±1.19). 

Forwards completed substantially more collisions per minute when defending (2.75; ±0.32) 

whilst backs completed substantially more when attacking (0.63; ±0.70). There was greater 

within- and between-player variability for collision frequency (CV range; 25–28%) and high-

speed distance (18–33%) per minute when compared to average speed (6–12%). There 

are distinct differences in locomotor and collision characteristics when attacking and 

defending during international rugby league match-play, yet the variability of high-speed 

running and collisions per minute is large. These data may be useful to plan or evaluate 

training practices. 

 
4.1 Introduction 

https://doi.org/10.1080/24733938.2019.1694167
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Domestically, rugby league is played professionally in the European Super League and 

Australasian NRL. Internationally, teams compete for the RLWC every four years after the 

completion of the domestic season. Other international tournaments are held more 

frequently (e.g., Four Nations, European Championship, Pacific Cup), although the RLWC 

is the pinnacle of international rugby league competition. Rugby league is characterised by 

intermittent and high-intensity locomotor and collision activity, separated by periods of low-

intensity activity (Weaving et al., 2019b). Players are typically classified into specific playing 

positions and positional groups; forwards (i.e. props, hooker, second rows and loose 

forward) and backs (i.e. halves, centres, wings and fullback) (Johnston et al., 2014a).  

 The continued development in microtechnologies (Malone et al., 2017) and their 

associated algorithms (Hulin et al., 2017) has enabled practitioners to better understand the 

locomotor and collision characteristics of rugby league competition (Delaney et al., 2015, 

Johnston et al., 2014a, Johnston et al., 2019b, Weaving et al., 2019b). The characteristics 

of a whole match, peak characteristics per units of time (Whitehead et al., 2018, Whitehead 

et al., 2019), or specific phases of competition (e.g., attack, defence and transition) (Read 

et al., 2018) can provide practitioners with information to inform their technical–tactical 

prescription during training. This is important given the large proportion of time rugby league 

teams spend undertaking ‘game-specific’ activities during field-based training (Weaving et 

al., 2014, Weaving et al., 2017b). In addition, quantifying the variability in locomotor and 

collision characteristics between different matches is important to understand meaningful 

changes and inform planning of the training process (Kempton et al., 2014, McLaren et al., 

2016).  

 To date, there are many studies quantifying the average speed (e.g., total distance 

/ duration) of locomotor activity within domestic rugby league (Hausler et al., 2016), for 

teams competing in the Super League (Twist et al., 2014, Waldron et al., 2011) and the 

NRL (Gabbett, 2015, Kempton and Coutts, 2016). These studies have focused on 

quantifying locomotor characteristics completed either across the whole match, or by first- 

and second-halves (Johnston et al., 2014a, Twist et al., 2014). However, the use of ‘whole 

match’ average speed is limited, as these values are inclusive of the time the ball is out of 

play. As such, the average speed is likely to be substantially greater during prolonged 

durations (e.g., > 5 minutes) of competition (Cunningham et al., 2018, Whitehead et al., 

2018). The effects of BIP data segmentation have been investigated at semi-professional 

level within rugby league with average speed shown to be significantly higher when the ball 

was in play in comparison to whole match demands (whole match 86.7 ± 9.8 vs. BIP 125.1 

± 16.1 m.min-1; ES 2.88) (Gabbett, 2015). Therefore, by quantifying the maximal average 

speed over specific time windows, practitioners can determine the peak running demands 
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during the match and compare these to speeds reached during prescribed technical–tactical 

training (Whitehead et al., 2018).  

 Although determining the peak average speeds for different durations is important, 

such methods fail to determine the differences in locomotor and collision characteristics 

between specific phases of play (i.e., attack vs. defence) (Read et al., 2018); which is often 

a coaching focus during training sessions (e.g., attacking and defensive drills). For example, 

in NRL competition, Gabbett et al. (2014) reported that average speed was greater during 

defence than attack (109 ± 16 vs. 82 ± 12 m∙min-1) for forwards. Again, such quantification 

is an important addition to allow technical–tactical coaches to evaluate the movement 

characteristics of training drills that are specific to the contextual aspects of match-play, but 

this is yet to be reported relative to elite senior international rugby league competition. 

Whitehead et al. (2019) compared whole match, match halves, and peak running demands 

of club and international under-16 rugby league competition. Forwards had higher first-half 

average speeds during international competition (International 96.2 ± 8.0 vs. Club 85.6 ± 

10.4 m∙min-1), yet higher second-half average speed during club matches (Club 89.5 ± 9.8 

vs. International 86.7 ± 8.9 m∙min-1). Furthermore, backs had a lower whole match average 

speed during international matches (International 83.4 ± 9.3 vs. Club 89.9 ± 7.3 m∙min-1) 

and a lower second-half average speed than club matches (International 77.8 ± 10.3 vs. 

Club 90.3 ± 8.9 m∙min-1). Whilst these between-half locomotor differences have been 

demonstrated in under-16 international rugby league competition, similar characteristics are 

yet to be determined at senior elite level.  

 Rugby league also comprises frequent collision activity, which imposes significant 

physiological and biomechanical load onto players (Vanrenterghem et al., 2017) thereby 

increasing perception of effort (Johnston and Gabbett, 2011, Johnston et al., 2014a) and 

energy expenditure (Costello et al., 2019). The majority of research quantifying the 

characteristics of rugby league competition has failed to account for the interaction between 

locomotor and collision activity within their analyses, largely due to the requirement for 

laborious manual coding of collision events via notational analysis (Johnston et al., 2014a). 

Recently, a valid collision detection algorithm for rugby league competition (Hulin et al., 

2017) has enabled practitioners and researchers to more easily quantify the collision 

frequency of competition over longitudinal periods (Weaving et al., 2019b) and thus warrant 

inclusion when evaluating the characteristics of rugby league match-play. 

  To date, the locomotor and collision characteristics of international rugby league 

match-play have yet to be reported. As such, National Governing Bodies responsible for the 

recruitment and physical preparation of players before the tournament have limited 

international data on which to base preparatory strategies. The availability of such data will 

serve as a reference point for both developing nations, and also nations competing for the 
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RLWC. Therefore, the aim of this study was to determine the differences in locomotor and 

collision characteristics (i.e. activity rates) between match halves and phases of play (i.e. 

attack, defence, transition, BIP and ball-out-of-play [BOP]) during the 2017 RLWC. A 

secondary aim was to describe the within- and between-player variability of these variables 

and their peak characteristics for different time durations. 

 
4.2 Methods 

4.2.1 Participants 

Data were initially collected from 24 male professional rugby league players (forwards, n = 

12; backs, n = 12) from the same international squad during the 2017 RLWC. Following 

strict data inclusion criteria (number of connected satellites ≥ 10; HDOP ≤ 1; velocity ≤ 10 

m∙s-1; acceleration ≤ ±6 m∙s-2; (Malone et al., 2017, Weston et al., 2015)), 72 total 

observations were included in this study which included multiple data files from 9 forwards 

(observations = 43; age: 28 ± 4 years; stature: 186.5 ± 5.6 cm; body mass: 99.8 ± 10.4 kg) 

and 7 backs (observations = 29; age: 28 ± 4 years; stature: 187 ± 6 cm; body mass: 99.8 ± 

10.4 kg). Since no personal data were accessible, and only summary statistics are 

presented throughout the thesis, written informed consent was not needed by each 

participant thereby conforming with the United Kingdom Data Protection Act, 2018. Written 

informed consent was provided by the National Governing Body to analyse anonymised 

data prior to the commencement of the study, and ethics approval was granted by the Leeds 

Beckett University institutional ethics committee. 

 

4.2.2 Design 

This study used a cross-sectional study to determine the locomotor and collision 

characteristics for whole match, first- and second-half, phase of play (attack, defence, 

transition, BIP and BOP), and peak characteristics. Data were collected across 6 matches 

from the 2017 RLWC (wins = 4, losses = 2, points scored [mean ± SD] = 21 ± 16, points 

conceded = 11 ± 6). The matches included 3 pool matches, a quarter-final, semi-final, and 

final. 

 

4.2.3 Methodology 

Each player was fitted with a GNSS enabled MEMS device (OptimEye S5, Catapult Sports, 

Melbourne, Australia). The GNSS provides geospatial positioning with global coverage, 

encompassing both GPS (Global Positioning System) and GLONASS (Global Navigation 
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Satellite System) satellites (Whitehead et al., 2018), sampling at 10 Hz. The GNSS also 

contains a tri-axial accelerometer, gyroscope and magnetometer sampling at 100 Hz. The 

test-retest reliability of Catapult Sports OptimEye S5 devices to measure instantaneous 

speed across a range of starting velocities has been reported to be acceptable (CV = 2.0 

to 5.3%) (Varley et al., 2012b). The devices were worn in a customised pouch sewn into the 

players’ match fitted jersey located between the scapulae. To reduce inter-unit error, each 

player wore the same device throughout the tournament (Buchheit and Simpson, 2017).  

 The devices were switched on outside in accordance with manufacturer 

recommendations to ensure full satellite connection pre-match. Data were downloaded from 

the MEMS device using the proprietary software (OpenFieldTM, software version 1.17.0, 

Build #30874, Catapult Sports, Melbourne, Australia) and 10 Hz GPS data exported to R 

Studio (version 3.3.1, R Foundation for Statistical Computing, Vienna, Austria) for analysis. 

Files were then subsequently cut according to a timeline of half-times, attack, defence, 

transition, BIP and BOP events generated by Opta (Leeds, UK). Time synchronisation 

between raw GPS files and Opta data was ensured via a 10-digit Unix timestamp at kick-

off, provided by Opta. Attacking and defensive phases were defined according to Opta, 

whilst transition phases were defined in the present study as the duration between a zero 

tackle or a kick in play, and the start of the subsequent tackle count. 

 Velocity data within each raw file were excluded if the sampling point did not meet 

the following criteria: number of connected satellites ≥ 10, HDOP ≤ 1, velocity < 10 m∙s-1, 

acceleration ≤ ±6 m∙s-2. These criteria are considered acceptable for GPS data collection 

(Malone et al., 2017, Weston et al., 2015). Missing velocity data points within the 10 Hz 

signal were linearly interpolated if the duration of the window for missing data was <10s (or 

60 data points). A duration of 10s was chosen, as anything above this was found to result 

in an unrealistic representation of human locomotion. The interpolation was implemented 

using the na.approx function within the zoo package in R. Observations were then excluded 

if: (1) > 10% of the overall file was missing after interpolation, (2) an individual player had 

less than 2 observations, and (3) the player participated in less than 1 half of a match 

(observations excluded = 28). The mean ± SD number of satellites connected during data 

collection was 11.4 ± 0.3, whilst the HDOP was 0.9 ± 0.1. 

 Locomotor metrics included average speed and high-speed running distance (>5.5 

m∙s-1) per minute. Collision frequencies were determined by the OpenFieldTM automatic 

collision detection algorithm, which has previously demonstrated a strong and positive 

correlation (r = 0.96) with notational analysis (specificity 91.7 ± 2.5%, accuracy 92.7 ± 

1.3%), after collisions were excluded when PlayerLoadTM <1 AU and duration <1 s (Hulin et 

al., 2017). Maximum locomotor and collision characteristics were calculated using the rolling 

average method (Delaney et al., 2018b), over a range of windows (1 to 10 minutes).  
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4.2.4 Statistical Analyses 

All statistical analyses were performed in R Studio. Since the aims of this study were to 

understand differences in match characteristics (i.e. activity rates), all data were expressed 

per minute and treated as continuous variables. The data were visually inspected for 

normality using histograms and Q–Q plots. Data did not always follow an approximate 

normal distribution and is therefore summarised as the median and quartile range (lower 

quartile [25%] to upper quartile [75%]). Therefore, to reduce error arising from non-uniform 

residuals, all outcome measures were log-transformed prior to analysis, and subsequently 

back-transformed post-analysis (representing effects as accurate percentages (Hopkins et 

al., 2009)). Log transformation reduces heteroscedasticity and improves the normality of 

residuals therefore making parametric statistical tests more robust. For example, one player 

runs 50 m whilst another in the same position runs 500 m. Without transformation, these 

values are considerable in range, however are much closer following transformation: 

Log(50) = 3.91 vs. Log(500) = 6.21. This step ensured that the model assumptions were 

met, improving the reliability of statistical tests. 

 This design located units of analysis (match characteristics) nested in clusters of 

units (player). I therefore used separate linear mixed-effects models (via the lme4 package) 

to compare average speed, high-speed distance per minute and collision frequency per 

minute between phases of play (attack and defence) and match period (first- and second-

half). I opted not to compare the transition phase with attack or defence, or compare ball-

in- versus out-of-play, because the practical applications of such differences are limited. 

Subsequently, data were split by the positional group and modelled with a random intercept 

(variance component) to estimate the within- and between-player variability (expressed as 

a CV). Datasets were then combined before phases of play and the positional group was 

entered as separate categorical fixed effects to compare differences between levels. 

 To describe the peak locomotor and collision characteristics as a function of time 

(i.e. duration of the moving average window), I adopted a power law approach similar to 

that recently described by Delaney et al. (2018b). Here, I used general linear models, with 

player ID entered as a categorical fixed effect and time entered as a continuous covariate, 

to derive the intercept and slope of the within-player log–log relationships. The strength and 

fit of each model was expressed using Pearson’s product-moment correlation coefficient (r) 

and the coefficient of determination (R2).  

 Uncertainty in all outcome measures and ranges of values compatible with the data 

and statistical models was expressed as 90% confidence intervals (Greenland, 2019). I then 

used non-clinical magnitude-based inferences (Batterham and Hopkins, 2006) to provide 
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an interpretation of these ranges in relation to standardised effect thresholds. Observed 

standard deviations (pooled within- and between-player) were multiplied by thresholds of 

0.2, 0.6, 1.2, and 2.0 to anchor small, moderate, large, and very large differences, 

respectively (Batterham and Hopkins, 2006). Subsequently, the chance of a difference 

being the observed magnitude (e.g., small, moderate) or trivial was calculated by converting 

the t-statistic for the effect relative to the threshold (difference – threshold/ standard error of 

the difference) into a continuous probability via the one-tailed t-distribution. Quantitative 

probabilities were then assigned to the following qualitative probabilistic terms: possibly, 

<0.5%, most unlikely; 0.5–4.9%, very unlikely; 5–24.9%, unlikely; 25.0–74.9%, possibly; 

75.0–94.9%, likely; 95.0– 99.5%, very likely; >99.5%, most likely (Batterham and Hopkins, 

2006). The effect was declared unclear if the chance of being both substantially positive 

and negative was ≥ 5%.  

 
4.3 Results 

Table 3 shows the median and quartile range for duration, average speed, high-speed 

distance per minute and collisions per minute during whole match, first- and second-half 

and phases (i.e. attack, defence and transition; and ball-in and ball-out of play) and peak 1, 

5 and 10 minute periods. Table 4 shows the differences and their associated inferences 

between phases of play (i.e. attack vs. defence). Table 5 shows the differences and their 

associated inferences between first- vs. second-half periods of play. Table 6 shows whole 

match data represented as mean and variability (within- and between-player). The within-

player log–log relationships of peak locomotor and collision characteristics with time are 

shown in Table 7. Relationship strength was very large to near perfect (r = 0.88–0.92). 

Figure 6 illustrates the peak running intensities achieved by international rugby league 

players during RLWC competition by position, as a function of moving average duration. 

For each variable, the peak intensities of competition can be estimated as function of time 

(t; seconds) using the following equation: Meters or collisions per minute = intercept × tslope. 
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Table 3: Whole match; first half, second half; attack, defence, transition; ball-in-play, ball-out-of-play; and peak locomotor and collision 

intensities during the 2017 RLWC. 

Variable 

Duration 
(min) 

Average speed 
(m·min-1) 

High speed distance per minute 
(m·min-1) 

Collisions per minute 
(n·min-1) 

Forward Back Forward Back Forward Back Forward Back 

Whole match 58 (28 - 93) 90 (60 - 93) 84 (53 - 97) 78 (60 - 96) 4.7 (1.6 - 8.3) 6.2 (3.7 - 10.2) 0.7 (0.4 - 1.4) 0.3 (0.2 - 0.7) 

First Half 32 (10 - 49) 46 (33 - 49) 84 (51 - 103) 85 (65 - 100) 4.4 (1.4 - 9.6) 5.9 (3.2 - 10.2) 0.8 (0.4 - 1.4) 0.3 (0.2 - 0.9) 

Second Half 28 (11 - 47) 44 (27 - 47) 82 (37 - 95) 77 (44 - 97) 4.9 (1.2 - 8.2) 5.7 (1.8 - 10.2) 0.7 (0.3 - 1.9) 0.3 (0.1 - 0.7) 

Attack 18 (7 - 32) 29 (20 - 32) 91 (64 - 121) 88 (68 - 116) 6.7 (2.1 - 17.0) 9.5 (5.5 - 19.0) 0.7 (0.3 - 1.7) 0.5 (0.2 - 1.1) 

Defence 16 (7 - 31) 24 (15 - 31) 120 (72 - 135) 106 (76 - 128) 3.8 (0.3 - 13.2) 3.8 (0.5 - 20.7) 1.6 (1.0 - 2.9) 0.5 (0.1 - 1.4) 

Transition 3 (1 - 7) 5 (3 - 7) 111 (75 - 146) 118 (89 - 171) 7.8 (0.2 - 33.6) 10.2 (0.2 - 44.6) 0.9 (0.2 - 2.5) 0.7 (0.1 - 2.3) 

Ball-in-play 37 (18 - 67) 58 (38 - 67) 105 (69 - 124) 98 (73 - 118) 5.5 (1.2 - 11.1) 8.6 (4.9 - 15.4) 1.1 (0.7 - 2.1) 0.5 (0.2 - 0.9) 

Ball-out-play 21 (5 - 41) 34 (22 - 41) 40 (21 - 52) 42 (23 - 59) 10.6 (2.3 - 27.0) 16.1 (7.1 - 28.2) 0.1 (0.0 - 0.2) 0.0 (0.0 - 0.1) 

Peak 1 minute   171 (150 - 217) 170 (145 - 199) 40.5 (20.2 - 90.1) 55.8 (27.3 - 79.4) 4.0 (3.0 - 7.0) 3.0 (2.0 - 5.0) 

Peak 5 minutes   121 (96 - 135) 119 (93 - 136) 13.8 (5.1 - 30.0) 19.6 (10.6 - 27.4) 1.8 (1.2 - 3.0) 1.0 (0.6 - 2.2) 

Peak 10 minutes   104 (81 - 125) 104 (86 - 124) 9.3 (4.0 - 19.4) 13.0 (7.6 - 20.5) 1.3 (0.8 - 2.5) 0.7 (0.3 - 1.3) 

Data presented as median (lower quartile – upper quartile) 
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Table 4: Comparison of locomotor and collision characteristics between match phases of play during the 2017 RLWC 

Variable Position 
Grand mean Attack vs. Defence (mean difference) 

Inference* 
Attack Defence % (90% CI) Effect size (90% CI) 

Average speed 

(m·min-1) 

Forwards 89 117 -24.2 (-27.4 to -21.0) -2.31 (-2.62 to -2.01) Very likely very large (95%)a 

Backs 91 105 -13.5 (-16.3 to -10.7) -1.17 (-1.41 to -0.92) Most likely moderate (>99.9%)a 

High speed distance per 

minute(m·min-1) 

Forwards 6.4 3.4 90.4 (57.3 to 123.6) 1.61 (1.02 to 2.19) Likely large (87%)a 

Backs 10.2 3.6 183.5 (140.2 to 226.7) 4.41 (3.37 to 5.45) Most likely large (>99.9%)a 

Collisions per minute 

(n·min-1) 

Forwards 0.7 1.6 -59.9 (-66.8 to -53.0) -2.75 (-3.07 to -2.43) Most likely large (>99.9%)a 

Backs 0.5 0.4 24.0 (-2.8 to 50.9) 0.63 (-0.07 to 1.33) 
Likely small/unlikely trivial 

(84/13/3) 

 

Numbers are the probability (percentage chance) of the difference (attack vs defence) being the observed magnitude (small/moderate/large/very large). Small effects are presented with the 

probabilities of being substantially higher in attack/practically equivalent [trivial]/substantially higher defence. All other effects are presented with the percent chance of being the observed magnitude 

(when Psmall ≥ 95%), where the probability of being trivial is most unlikely (<0.5% a).  
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Table 5: Comparison of locomotor and collision intensities between match periods during the 2017 RLWC 

Variable Position 

Grand mean First vs. Second half (mean difference) Inference* 

First-half Second-half % (90% CI) Effect size (90% CI)  

Average speed (m·min-1) 

Forwards 84 79 6.7 (1.7 to 11.7) 0.54 (0.14 to 0.94) Likely small, unlikely trivial (92/8/0) 

Backs 83 78 7.5 (3.5 to 11.4) 0.58 (0.27 to 0.88) 
Very likely small, very unlikely trivial 

(98/2/0)a 

High speed distance per 

minute (m·min-1) 

Forwards 4.3 4.1 5.9 (-9.3 to 21.1) 0.14 (-0.22 to 0.51) Unclear (40/54/6) 

Backs 6.4 5.4 17.9 (4.9 to 31.0) 0.70 (0.19 to 1.21) Likely small, unlikely trivial (95/5/0) 

Collisions per minute 

(n·min-1) 

Forwards 0.7 0.7 0.6 (-10.4 to 11.7) 0.02 (-0.31 to 0.35) Unclear (18/68/14) 

Backs 0.4 0.3 6.3 (-7.5 to 20.1) 0.18 (-0.21 to 0.57) Unclear (46/48/6) 

 

Numbers are the probability (percentage chance) of the difference (first- vs. second-half) being substantially higher in the first-half/practically equivalent [trivial]/ substantially higher the second-half. 

All other effects are presented with the percent chance of being the observed magnitude (when Psmall ≥ 95%), where the probability of being trivial is most unlikely (<0.5% a). 
aPossibly moderate (45%)   
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Table 6: Average match performance and the associated within- and between-player variability of locomotor and collision intensities during the 

2017 RLWC. 

Variable Position Grand mean (raw units) 
Variability (CV [%] (90% CI)) 

Within-player (match-to-match) Between-player 

Average speed (m·min-1) 

Forwards 81 9.9 (8.1 to 12.3) 7.6 (4.3 to 13.7) 

Backs 81 6.1 (4.8 to 7.9) 11.5 (6.8 to 19.9) 

High speed distance per minute 

(m·min-1) 

Forwards 4.3 32 (26 to 41) 33.2 (19 to 60) 

Backs 6.0 19 (14 to 24) 18 (9.4 to 35) 

Collisions per minute (n·min-1) 

Forwards 0.7 25 (20 to 31) 28 (16.4 to 49) 

Backs 0.4 29 (22 to 39) 26 (12 to 58) 
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Table 7: Intercept and slope values for estimating peak match locomotor and collision intensities.  

Variable Position r (90% CI) R2 Intercept (90% CI) Slope (90% CI) 

Average speed (m·min-1) 

Forwards 0.92 (0.90 to 0.93) 0.85 404.6 (388.2 to 421.7) -0.21 (-0.23 to -0.20) 

Backs 0.92 (0.91 to 0.94) 0.85 381.7 (343.8 to 423.7) -0.20 (-0.23 to -0.18) 

High speed distance per 

minute (m·min-1) 

Forwards 0.83 (0.80 to 0.85) 0.69 641.2 (523.9 to 784.8) -0.66 (-0.72 to -0.61) 

Backs 0.92 (0.91 to 0.94) 0.86 542.0 (458.8 to 640.4) -0.59 (-0.62 to -0.56) 

Collisions per minute (n·min-1) 

Forwards 0.87 (0.85 to 0.89) 0.76 32.0 (26.9 to 38.0) -0.50 (-0.55 to -0.46) 

Backs 0.88 (0.86 to 0.90) 0.78 39.4 (32.7 to 47.5) -0.62 (-0.68 to -0.57) 

Peak intensities can be estimated as function of time (t; seconds) using the following equation: meters or collisions per minute = intercept × tslope) 
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Figure 6: Peak running intensity achieved for each position, for each moving average duration. 

Data are Mean ± Within-Player SD. 



 

 102 

4.4 Discussion 

Understanding differences in locomotor and collision characteristics between attacking and 

defending can help rugby league coaches develop training prescription and evaluation 

practices, but there are currently no published data describing these differences at the elite 

international level. The primary aim of this study was to determine the differences in average 

speed, high-speed distance per minute and collision frequency per minute (i.e. activity 

rates) during different phases of play throughout the 2017 RLWC. The main finding was 

that both forwards and backs had substantially slower average speeds but covered 

substantially greater high-speed distance per minute when attacking compared with 

defending. Forwards completed substantially more collisions per minute when defending 

whilst backs completed substantially more when attacking.  

 Previous research has utilised time motion optical analyses to determine locomotor 

and collision characteristics using professional Super League and NRL players. Sykes et 

al. (2009) demonstrated that outside backs, pivots, and back rows completed greater 

percentage of high intensity running in attack when compared to defence. These findings 

support the results; albeit the method of data capture differed from the wearable used within 

this investigation. The findings of the present study demonstrate the distinct positional 

locomotor and collision characteristics of attacking and defending during the highest level 

of rugby league match-play and may be useful for the planning of specific technical-tactical 

training modalities (e.g., goal-line attack vs. goal-line defence drills) in international teams. 

 At the time of publication, this was the first study, to my knowledge, across any 

professional rugby league competition to detail locomotor and collision characteristics when 

attacking and defending for backs. The findings of this study demonstrate that backs are 

likely to experience large increases in high-speed (10.2 vs. 3.6 m·min-1) and moderate 

increases in collision frequency when attacking (0.5 vs. 0.4 n∙min-1). For forwards, the 

average speeds and collision frequencies during attack and defence (Table 4) are generally 

in agreement with previous research (Gabbett et al., 2014), where forwards completed 

greater average speeds (defence = 109 vs. attack = 82 m·min-1) and collision frequencies 

(defence = 1.9 vs. attack = 0.8 n·min-1) when defending. However, Gabbett et al. (2014) 

also reported greater high-speed distance per minute (> 5.0 m∙s-1; 5.3 vs. 3.9 m·min-1) when 

defending. The differences between this study and the work of Gabbett et al. (2014) could 

be due to the differences in high-speed thresholds (> 5.5 vs. > 5 m∙s-1) or the large match-

to-match variability of high-speed running (Table 6) (Kempton et al., 2014) which was not 

considered as a random effect within the statistical analyses of previous research (Gabbett 

et al., 2014). Players have previously been shown to demonstrate greater neuromuscular 

fatigue post-match when exposed to a higher number of collisions (Oxendale et al., 2016) 
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due to associated oedema, inflammation, and physiological damage at a cellular level which 

is suggested to attenuate force generation capacity thus delay the recovery process 

(Naughton et al., 2018). Collectively, current study findings demonstrate the positional 

independence in locomotor and collision activity which has implications for the planning or 

evaluation of technical–tactical training, and possibly recovery intervention. For example, if 

training has a predominately attacking focus, then coaches might expect an increase in 

high-speed locomotor activity per minute for both positional groups, with backs also 

experiencing large increases in collision frequency.  

 The findings of this study show a lower between- and within-player variability 

between matches for average speed (CV range = 5 to 20%) than high-speed (range = 9 to 

60%) or collisions (range = 12 to 49%), similar to previous work (Kempton et al., 2014, 

McLaren et al., 2016). Estimates of whole match locomotor within-player variability in the 

present study appear higher than those reported in the NRL (total distance = 4%, high-

speed [>15 km·h-1] distance = 15%, very-high-speed [>21 km·h-1] distance = 37%; 

(Kempton et al., 2014)), although I acknowledge key methodological differences between 

this study and Kempton et al. (2014), such as the greater sample of matches and players, 

differences in opposition standard, high-speed thresholds and metrics (i.e. intensity vs. 

load), and data exclusion criteria. Nonetheless, this was the first study to report the 

variability of locomotor characteristics during a World Cup tournament and also the first to 

report the variability of collision characteristics in rugby league. The large CVs for both 

within- and between-players suggest that weekly exposure to collisions are unlikely to be 

consistent. Knowledge of this can have specific implications for the planning of the training 

and recovery process, given the increased energetic demands of collision activity (Costello 

et al., 2019) and its subsequent relationships with the time course of recovery (McLellan et 

al., 2011, Oxendale et al., 2016, Twist et al., 2012). Therefore, careful monitoring of the 

between-match changes in collision activity could be a useful strategy for practitioners to 

inform modifications to the prescription of training and recovery modalities. With this in mind, 

however, data from this study further indicate inherent difficulty when attempting to evaluate 

the systematic effects of a training or recovery intervention when using an individual’s 

change in match characteristics during an international tournament since these changes 

would need to be unrealistically large to say with any confidence that they’re not simply 

noise or normal variation (McLaren et al., 2016). 

 Whilst knowledge of the locomotor and collision characteristics completed across a 

whole match is useful, describing their peak values of competition are important to provide 

valid comparisons with training during technical–tactical sessions. The mean peak average 

speed completed over a 5 minute window during the RLWC (forward = 121 m∙min-1 and 

back = 119 m∙min-1) appear slightly higher than that previously reported in the Super League 
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(forwards = ~110 m∙min-1; backs = ~113 m∙min-1) (Weaving et al., 2019b) and NRL (forwards 

= ~113; backs = ~113 m∙min-1) (Johnston et al., 2019b). This could be explained by the 

lower number of match observations and inclusion of a large proportion of knock-out fixtures 

during the RLWC (vs. domestic season) or differences in the microtechnology used to 

determine the mean peak average speeds (Thornton et al., 2019). 

 As the RLWC is a quadrennial event that is contested following the completion of 

the domestic (i.e. NRL or Super League) season, international coaches need to consider 

how much time to allocate within training to ensure players are appropriately prepared for 

the physical demands of the tournament. To support practitioners to plan training targets 

for technical–tactical drills when the aim is to equal or exceed the peak average speeds of 

matches, Delaney et al. (2018b) proposed quantifying the power law relationship between 

the peak average speeds completed across a range of durations during matches. By 

quantifying the slope (i.e. rate of decline of peak running intensity) and intercept values of 

the relationship between the change in peak average speed with the change in duration, 

practitioners can estimate the likely peak average speed for a given drill for each individual 

player. The present study was the first to replicate this method using a within-player 

approach, using both locomotor and collision data collected during international rugby 

league matches. Based on the intercept and slope results of this study detailed within Table 

7, should a practitioner wish to prescribe a small sided game (e.g., 2 minutes in duration) 

for the forwards that equals the mean peak average speed during 2017 RLWC matches, a 

target intensity of approx. 148 m·min-1 (2 minute peak m·min-1 = 404.6 × 120-0.21) would be 

suggested. This example could assist practitioners to plan the locomotor characteristics of 

technical-tactical training. 

 I acknowledge that limitations of this study is the case study design. Although case 

studies can serve as a powerful tool to bridge the science-practice gap (Halperin, 2018), 

these reports can lack generalisability to the wider population or sport. The results of this 

study therefore represent a specific cross-sectional example of a finals reaching team that 

is likely to differ for other teams of different nationalities and between successive RLWCs, 

due to the evolution of the sport itself and rule changes. The sample size in this study is 

therefore restricted, which indeed limited further analysis of interest requiring more degrees 

of freedom (e.g., examining for systematic change in intensity throughout the competition, 

or more granular positional stratification). In efforts to advance the knowledge of 

international rugby league match characteristics, it is my recommendation that multiple 

nations participating within elite competition should where possible look to collaborate on 

larger scale projects. Due to the elite nature of international competition, which inherently 

contains less teams, participants and smaller squad sizes, it is somewhat expected that 

studies within this population include smaller dataset for analysis than that of similar studies 



 

 105 

investigating domestic level competition. A recent editorial within the sport of rugby union 

however demonstrated that international teams are capable of collaborating through a 

concept of coopetition within the sports medicine/science community (Ramirez-Lopez et al., 

2020). Furthermore, considering data from additional international competitions (e.g., 4 

Nations) could prove to be a useful exercise, as the differences between types of 

international competition is yet to be established. Nonetheless, practitioners and 

researchers might use the methodology reported in this study as a framework to evaluate 

their own contexts. 
 
4.5 Conclusions 

There are distinct locomotor and collision characteristics of attacking and defending phases 

during professional rugby league match-play. Both forwards and backs have a greater 

average speed in defence, and greater high speeds per minute in attack during international 

tournament match-play. For collisions, forwards are exposed to more in defence, while 

backs have more in attack. There is larger variation between matches for high-speed 

running and collisions, suggesting the need to consider this when interpreting changes in 

these characteristics of match-play between different matches. 
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AND EVENT CHARACTERISTICS: A LEAGUE-WIDE INVESTIGATION OVER THREE 
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Longitudinal changes in Super League match locomotor and event characteristics: A 
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The content for this chapter has been published in PLoS One.  

 

The manuscript can be accessed at: https://doi.org/10.1371/journal.pone.0260711. 

 

Abstract 

The 2019 and 2020 Super League seasons included several competition rule changes. This 

chapter aimed to quantify the difference between the 2018, 2019 and 2020 SL seasons for 

duration, locomotor and event characteristics of matches. Microtechnology and match event 

data were analysed from 11 Super League teams, comprising 124 players, from 416 

competitive matches across a three-year data collection period. Due to an enforced 

suspension of league competition as a consequence of COVID-19 restrictions, and 

subsequent rule changes upon return to play, season 2020 was divided into season 2020a 

(i.e. Pre-COVID suspension) and season 2020b (i.e. Post-COVID suspension). Duration, 

locomotor variables, and match events were analysed per whole-match and ball-in-play 

(BIP) periods with differences between seasons determined using mixed-effects models. 

There were significant (ρ £ 0.05) reductions in whole-match and BIP durations for 

adjustables and backs in 2019 when compared to 2018; albeit the magnitude of reduction 

was less during BIP analyses. Despite reduced duration, adjustables reported an increased 

average speed suggesting reduced recovery time between bouts. Both forwards and 

adjustables also experienced an increase in missed tackles between 2018 and 2019 

seasons. When comparing 2019 to 2020a, adjustables and backs increased their average 

speed and distance whilst all positional groups increased average acceleration both for 

whole-match and BIP analyses. When comparing 2020a to 2020b, all positional groups 

experienced reduced average speed and average acceleration for both whole-match and 

BIP analyses. Forwards experienced an increased number of tackles and carries, 

adjustables experienced an increased number of carries, and backs experienced an 

https://doi.org/10.1371/journal.pone.0260711
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increased number of missed tackles when comparing these variables between season 

2020a and 2020b. Rule changes have a greater effect on whole-match duration and 

locomotor characteristics than those reported during BIP periods which suggests the 

implemented rule changes have removed stagnant time from matches. Amendments to 

tackle related rules within matches (e.g., introduction of the ‘six-again’ rule) increases the 

number of collision related events such as carries and tackles. 
 
5.1 Introduction 

Since the mid-1950s, economists have stressed the importance of the uncertainty-of-

outcome in sport and its role in maintaining spectator interest (Borland, 2003, Budzinski and 

Pawlowski, 2014, Rottenberg, 1956). Changes to competition rules are one method of 

achieving this uncertainty amongst spectators (Hon and Parinduri, 2016) with the objective 

of ensuring that competitiveness still exists (Eckard, 2017). The Super League is the highest 

level of domestic rugby league competition in the northern hemisphere. Continued 

innovation is at the core of its strategy to raise the profile and appeal of the sport and to 

attract new audiences.  

An example of this innovation within Super League rugby league was the 

implementation of rule changes prior to the 2019 season which included reducing the 

number of player interchanges, introduction of the use of a shot-clock (for scrum, dropout 

or kick-at-goal) and an additional 10 minutes of playing time (referred to as ‘Golden Point’) 

in the event of a tied score upon full-time. Implementation of these rules aligned the Super 

League rugby league competition with the Australasian National Rugby League (NRL) 

which is the premier rugby league competition within the southern hemisphere. Rule 

changes are not uncommon in sport (Meir et al., 2001); however, their effects are rarely 

researched (Madera et al., 2017). Modifications to rules are implemented with the intention 

of developing increased attractiveness of sport (Ibañez et al., 2018), reducing risk of injury 

(Orchard and Seward, 2009), or match events (i.e. goals scored) (Madera et al., 2017). The 

rule changes prior to the 2019 Super League season were implemented with the intention 

of facilitating “faster, more intense and more dramatic” matches (League, 2019) thus 

demonstrating the competition’s alignment with the hypothesis of the uncertainty-of-

outcome. Further rule changes were implemented moving from the 2019 to 2020 season 

which included a reduction in shot-clock accompanied by the assertion that “the pace of 

rugby league will increase even further in 2020” (League, 2021).  

The majority of research within rugby league to date has been carried out within the 

NRL (Glassbrook et al., 2019), although the largest study into match locomotor 

characteristics was recently undertaken in Super League competition which included >7000 
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match observations with data analysed from ‘Project SL-Catapult’ (Dalton-Barron et al., 

2020a). Project SL-Catapult is a league-wide collaboration whereby all Super League clubs 

are provided with the same GNSS wearable tracking devices and proprietary software 

which allows for consistent data collection and league-wide analysis. These authors 

quantified the overall variability between matches, and found no overall effect between 

seasons, although positional differences were not explored (Dalton-Barron et al., 2020a). A 

limitation of this study was that all variables analysed were displacement (i.e. locomotor) in 

nature thus did not include analysis of match events (e.g., tackles, missed tackles, and [ball] 

carries). 

The lack of match events being reported alongside locomotor variables is common 

within rugby league (Gabbett and Hulin, 2018, Kempton and Coutts, 2016, Woods et al., 

2018). This is problematic as analysis of locomotor variables alone presents a one-

dimensional view of the sport that also involves collision based activity (Evans et al., 2018). 

Previous longitudinal analyses of match events within rugby league competition have 

provided insight into evolutionary changes of both offensive and defensive involvements. 

When analysing offensive skill involvements from 2004 to 2014, there was a reduction 

(large) in the average number of offloads and play-the-balls and an increase (large) in the 

number of passes during competitive NRL matches (Gabbett and Hulin, 2018). Reporting 

both match events and locomotor variables together should provide practitioners with a 

more holistic evaluation of rugby league match characteristics. 

Since the commencement of Project SL-Catapult in 2017, the sport of rugby league 

within the northern hemisphere has been subjected to numerous changes to competition 

rules from season-to-season. In addition to the goal of increasing the speed of matches 

(League, 2019, League, 2021), rule changes have been introduced within rugby league 

competition with the objective of reducing potential SARS-CoV-2 transmission during the 

global COVID-19 pandemic (Jones et al., 2021b). In response to COVID-19 restrictions, the 

2020 season was suspended for 141 days (15th March 2020 to 2nd August 2020) and upon 

return saw further rule changes introduced including the removal of scrums (a temporary 

rule change to reduce the risk of SARS-CoV-2 transmission) (Jones et al., 2020, Jones et 

al., 2021b) and the introduction of the ‘six again’ rule.  

Given the rule changes in Super League matches, understanding the recent trends 

would aid participating teams by ensuring physical preparation strategies are reflective of 

modern match demands and also allows the sport governing bodies to review the impact of 

the rule changes. Therefore, the aim of this study is to quantify the differences in duration, 

locomotor characteristics and match events between the 2018, 2019 and 2020 seasons. 

  
5.2 Methods 
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5.2.1 Design 

A prospective observational cohort design was used to compare rugby league match 

characteristics between the 2018, 2019 and 2020 Super League seasons per positional 

group. Due to the enforced suspension of league competition as a consequence of COVID-

19 restrictions, and subsequent rule changes upon return to play, season 2020 was divided 

into season 2020a (i.e. Pre-COVID suspension) and season 2020b (i.e. Post-COVID 

suspension). In addition to the rule changes implemented upon return to competition, further 

rationale for this separation of season 2020 is the length of break itself (e.g., the break 

between the end of season 2017 and beginning of season 2018 was 118 days, the break 

between the end of season 2018 and beginning of season 2019 was 111 days, the break 

between the end of season 2019 and beginning of season 2020 was 111 days; and the 

break due to COVID-19 enforced suspension was 141 days). Each season and sub-season 

had different rules during match play therefore the independent variable within this study 

were the four competitive seasons. The dependent variables were duration and locomotor 

characteristics (e.g., distance, average speed, HSR [>5.5 m/s] distance, HSR distance per 

minute, and average acceleration), expressed over the whole-match and BIP (BIP) periods, 

and the number of match events (e.g., tackles, missed tackles and carries). Variables were 

chosen due to their widespread use amongst practitioners working in within rugby league 

and their common usage in research studies (Dalton-Barron et al., 2020b, Glassbrook et 

al., 2019, Weaving et al., 2019b).  

 

5.2.2 Participants 

In line with previous research methodology, only players appearing in all seasons and sub-

seasons were included in the study (Evans et al., 2018). This step led to the removal of  328 

individual players who did not appear in all comparative periods (possibly due to retirement, 

transfer between clubs, injury, or relegation), resulting in a dataset of 124 unique male 

professional rugby league players that contained 4787 observations (season 2018 n = 

1775, season 2019 n = 1812, season 2020a n = 485 and season 2020b n = 715). Participants 

were stratified according to their primary playing position for each match (i.e. the longest 

duration spent playing in that position during each individual match) and categorised into 

positional groups of forwards [props, hookers, second rows, and back rows] (n = 79, 

observations n = 2683; season 2018 n = 979, 2019 n = 1044, 2020a n = 287, and 2020b n 

= 373), adjustables [halves, fullbacks] (n = 36, observations n = 868; season 2018 n = 316, 

2019 n = 322, 2020a n = 84, and 2020b n = 146), and backs [centres, outside backs] (n = 

47, observations n = 1236; season 2018 n = 480, 2019 n = 446, 2020a n = 114, and 2020b 
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n = 196). Anonymised data were analysed by the research team, and only summary 

statistics are presented, thus written informed consent was not needed by each participant. 

Informed consent was provided by the National Governing body. Ethics approval for the 

study was granted by Leeds Beckett University Ethics Committee. 

 

5.2.3 Data collection 

Each player was fitted with the same GNSS microtechnology device (OptimEye S5, 

Catapult Sports, Melbourne, Australia) to derive the locomotor variables. The GNSS, 

sampling at 10 Hz, provides geospatial positioning with global coverage encompassing both 

GPS and GLONASS constellations (Malone et al., 2017). The test-retest reliability of 

OptimEye S5 microtechnology devices to measure instantaneous speed across a range of 

starting velocities has been reported to be acceptable (CV = 2.0 to 5.3%) (Varley et al., 

2012b).  

GNSS microtechnology data were initially downloaded and processed using 

proprietary OpenFieldTM software (Catapult Sports, Melbourne, Australia) by a trained 

practitioner at each individual club. Subsequent querying of the OpenFieldTM cloud 

database through an API provided access to data in the form of 10 Hz instantaneous speed 

and acceleration sampling points. These data points were processed for calculation of 

locomotor variables (Dalton-Barron et al., 2020a) which included distance, average speed 

(i.e. meterage per minute), HSR distance, HSR distance per minute and average 

acceleration. 

Match events were coded by a commercial match statistics provider (Opta, Leeds, 

United Kingdom). Match events were extracted online 

(https://www.superleague.co.uk/match-centre) and included tackles (“a player has 

attempted to halt the progress or dispossess an opponent in possession of the ball”), missed 

tackles (“a tackle is deemed missed when a player has failed to affect a tackle on an 

opposition player when they were in a reasonable position to make the tackle”), and ball 

carries (“a player in possession of the ball has deemed to make a carry if they have made 

an obvious attempt to go forward and attack the opposition with the ball in hand”) (Opta, 

2013). 

 

5.2.4 Data filtering 

The data pre-processing steps used by Dalton-Barron et al. (2020a) to derive locomotor 

variables were applied to the dataset which included filtering of the 10 Hz microtechnology 

data according to previously defined criteria (i.e., number of connected satellites ≥ 10, 

https://www.superleague.co.uk/match-centre
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HDOP ≤ 2, velocity < 10 m∙s-1, acceleration < ±6 m∙s-2) (Malone et al., 2017, Tahsin et al., 

2015, Weston, 2015). Observations were excluded in instances where signal quality failed 

to meet these criteria during the data pre-processing phase (i.e. more than 10% of the raw 

file was filtered; observations = 1816). The mean number of connected satellites and mean 

HDOP from the finalised dataset was 11.5 ± 0.4 and 0.8 ± 0.2, respectively.  

Following calculation of these locomotor variables, a synchronisation-point of the 

precise moment of kick-off was determined through visual inspection of latitude and 

longitude of each match alongside video footage. This allowed time synchronisation 

between the GNSS microtechnology data, match event data and allowed identification of 

contextual periods (i.e. match halves and BIP).  

 

5.2.5 Statistical Analysis 

To compare the magnitude of difference between playing seasons for each of the locomotor 

and match event variables, general linear mixed-effects (locomotor characteristics) were 

conducted using the lmerTest package in R (Kuznetsova et al., 2017) and generalised linear 

mixed-effects models (match events) were conducted using the lme4 package in R (Bates 

et al., 2015). 

These were used as the variables within this study were nested in clusters of 

players, and crossed with fixtures, across four independent time periods. Fixed effects were 

included for season (i.e. 2018, 2019, 2020a or 2020b) and positional category (forwards, 

adjustables, or backs), whilst the random effects were player and fixture. An alpha level of 

ρ ≤ 0.05 was set as the level of significance for all statistical tests. 

Prior to analysis, inspection of normality was conducted per positional category 

through kernel density (Figure 7) and quantile-quantile (Figure 8) plots. For both whole-

match and BIP analyses the distribution of several dependant variables was not normal; 

therefore, the median and quartile ranges (lower quartile [25%] and upper quartile [75%]) 

are presented. To reduce error arising from non-uniform residuals, locomotor variables were 

log-transformed prior to analysis, and subsequently back-transformed post-analysis 

(Hopkins et al., 2009). 

For the linear mixed-effects models analysing locomotor characteristics, the 

magnitude and direction of difference between seasons (ES ± 90% confidence limits [CLs]) 

were determined per playing position. The observed standard deviations (pooled within- 

and between-player SDs) were multiplied by 0.2, 0.6 and 1.2 to anchor thresholds of small, 

moderate and large (Batterham and Hopkins, 2006). Effect size differences less than 0.2 

were considered trivial. For the generalised linear mixed-effects models analysing event 

characteristics, rate ratios [RR] ± 90% CLs were used to compare between seasons for 
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each positional group, with the distribution and link function contingent upon the nature of 

the dependent variable. The RR was classified as trivial (0.90 to 1.11), small (0.70 to 0.90 

or 1.11 to 1.43), moderate (0.50 to 0.70 or 1.43 to 2.00) and large (<0.50 or >2.00) (Hopkins, 

2010). All statistical analyses were performed using R statistical software (R. 3.6.3, R 

Foundation for Statistical Computing, Vienna, Austria). 
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Figure 7: Kernel density estimations and boxplots of player locomotion dependent variables 
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Figure 8: Quantile-quantile plots of player locomotion dependent variables 
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5.3 Results 

A total of 4787 observations from 124 players were included in analysis. Descriptive whole-

match duration, locomotor characteristics and match event data for seasons 2018, 2019, 

2020a and 2020b are shown in Table 8. Descriptive BIP locomotor characteristics and match 

event data for seasons 2018, 2019, 2020a and 2020b are shown in Table 9. Figure 9 shows 

effect size (± 90% CI) differences between seasons for whole-match duration and locomotor 

characteristics. Figure 10 shows rate ratio (± 90% CI) differences between seasons for 

match events. Figure 11 shows effect size (± 90% CI) differences between seasons for BIP 

duration and locomotor characteristics. 

 

5.3.1 Changes in whole-match and ball in-play duration 

For forwards, whole-match and BIP duration increased (small) between 2020a and 2020b. 

For adjustables, whole-match duration reduced (moderate) between 2018 and 2019 but 

increased (small) between 2020a and 2020b. BIP duration reduced (small) between season 

2018 and 2019 however increased (small) from 2019 to 2020a and 2020a to 2020b for 

adjustables. For backs, whole-match duration reduced (moderate) between 2018 and 2019 

but increased (moderate) between 2020a and 2020b. BIP duration reduced (moderate) for 

backs between 2018 and 2019 however increased (moderate) between 2020a to 2020b.  

Between 2018 to 2020b; for forwards, whole-match and BIP duration increased 

(small), and whole-match duration reduced (small) but BIP duration increased (small) for 

adjustables. For backs, whole-match duration reduced (moderate) however BIP duration 

increased (small). All other whole-match and BIP comparisons were trivial. 
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Table 8: Whole-match locomotor characteristics and match events stratified per positional category between seasons (Median [interquartile 

range]). 

Position Season Duration (min) Distance (m) 
Average Speed 

(m/min) 
HSR Distance (m) 

HSR Distance per 

minute (m/min) 

Average 

Acceleration (m/s/s) 
Tackles 

Missed 

Tackles 
Carries 

Forwards 

2018 59.3 (43.3 - 80.4) 4458 (3335 - 6124) 77.2 (72.3 - 82.4) 238.0 (169.2 - 356.3) 4.42 (3.31 - 5.66) 0.39 (0.36 - 0.42) 26 (20 - 34) 2 (1 - 3) 10 (7 - 13) 

2019 58.3 (43.8 - 85.0) 4547 (3406 - 6434) 79.3 (74.1 - 85.2) 248.0 (168.2 - 378.0) 4.51 (3.40 - 5.67) 0.40 (0.37 - 0.43) 27 (21 - 34) 2 (1 - 3) 10 (7 - 13) 

2020a 57.6 (39.7 - 85.5) 4596 (3189 - 6668) 80.7 (75.9 - 85.7) 238.0 (156.2 - 359.4) 4.41 (3.18 - 5.59) 0.44 (0.41 - 0.46) 26 (19 - 32) 2 (1 - 3) 10 (7 - 13) 

2020b 82.5 (51.9 - 91.0) 5092 (3177 - 7077) 72.6 (58.8 - 79.4) 235.4 (129.2 - 408.9) 3.57 (2.41 - 5.07) 0.39 (0.32 - 0.42) 31 (25 - 38) 2 (1 - 3) 11 (8 - 14) 

Adjustables 

2018 95.8 (91.6 - 99.0) 7592 (7119 - 8016) 79.5 (74.9 - 84.2) 557.6 (440.8 - 682.1) 5.89 (4.84 - 7.37) 0.39 (0.36 - 0.42) 13 (8 - 18) 2 (1 - 3) 10 (7 - 13) 

2019 89.3 (86.3 - 92.8) 7414 (6919 - 7825) 81.6 (77.2 - 86.7) 556.4 (440.5 - 679.7) 6.24 (4.81 - 7.49) 0.39 (0.36 - 0.42) 13 (8 - 18) 2 (1 - 4) 11 (8 - 14) 

2020a 89.2 (87.2 - 91.2) 7646 (7279 - 7997) 85.9 (79.4 - 89.7) 526.3 (422.9 - 657.4) 5.94 (4.60 - 7.58) 0.44 (0.42 - 0.46) 14 (9 - 20) 2 (1 - 3) 10 (7 - 13) 

2020b 91.4 (89.6 - 95.2) 7566 (7194 - 7990) 81.2 (76.9 - 86.0) 527.7 (433.7 - 659.4) 5.75 (4.69 - 7.16) 0.42 (0.39 - 0.45) 14 (7 - 19) 2 (1 - 3) 12 (9 - 16) 

Backs 

2018 95.9 (92.1 - 99.0) 6961 (6509 - 7328) 72.8 (68.0 - 77.2) 606.9 (500.8 - 716.6) 6.43 (5.28 - 7.45) 0.36 (0.33 - 0.39) 8 (4 - 15) 1 (0 - 2) 13 (10 - 15) 

2019 89.6 (86.8 - 94.1) 6645 (6071 - 7040) 73.4 (67.2 - 78.0) 541.4 (452.3 - 644.3) 6.05 (4.94 - 7.05) 0.37 (0.33 - 0.39) 7 (3 - 13) 1 (0 - 2) 13 (11 - 16) 

2020a 89.1 (86.9 - 90.9) 6826 (6508 - 7138) 76.9 (71.5 - 80.3) 563.2 (445.6 - 681.6) 6.28 (4.88 - 7.41) 0.41 (0.39 - 0.43) 6 (3 - 11) 1 (1 - 2) 14 (11 - 16) 

2020b 91.9 (89.7 - 97.6) 6799 (6378 - 7210) 72.0 (67.8 - 77.2) 549.8 (462.8 - 647.9) 5.86 (5.01 - 7.04) 0.39 (0.37 - 0.41) 6 (3 - 11) 2 (1 - 3) 15 (12 - 17) 
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Table 9: Ball in play physical characteristics stratified per positional category between seasons (Median [interquartile range]). 

Position Season Duration (min) Distance (m) Average Speed (m/min) HSR Distance (m) 
HSR Distance per 

minute (m/min) 

Average Acceleration 

(m/s/s) 

Forwards 

2018 35.2 (26.2 - 49.2) 3520 (2663 - 4869) 101.2 (95.0 - 107.9) 228.2 (160.1 - 337.7) 6.95 (5.15 - 9.05) 0.57 (0.52 - 0.61) 

2019 35.6 (27.2 - 50.4) 3647 (2730 - 5060) 101.7 (94.7 - 108.8) 236.8 (160.4 - 357.8) 6.97 (5.15 - 8.83) 0.57 (0.52 - 0.61) 

2020a 35.6 (24.9 - 54.1) 3738 (2533 - 5316) 102.4 (95.8 - 108.8) 226.5 (151.2 - 345.2) 6.66 (4.95 - 8.39) 0.60 (0.57 - 0.63) 

2020b 46.3 (29.8 - 57.6) 4032 (2470 - 5704) 94.4 (84.3 - 101.0) 225.8 (122.6 - 393.4) 5.58 (4.00 - 7.81) 0.56 (0.52 - 0.60) 

Adjustables 

2018 57.7 (54.1 - 61.3) 5860 (5425 - 6225) 102.2 (95.8 - 106.9) 517.8 (401.7 - 641.1) 9.05 (7.18 - 11.2) 0.55 (0.51 - 0.58) 

2019 55.7 (51.2 - 59.7) 5686 (5227 - 6136) 102.1 (96.0 - 108.5) 515.9 (397.2 - 625.4) 9.31 (7.10 - 11.4) 0.54 (0.49 - 0.57) 

2020a 56.8 (54.8 - 58.3) 5966 (5440 - 6325) 104.7 (99.5 - 109.3) 491.5 (385.8 - 620.7) 8.50 (6.72 - 10.9) 0.58 (0.54 - 0.60) 

2020b 60.2 (56.9 - 64.7) 5931 (5579 - 6283) 98.3 (94.1 - 104.8) 490.1 (414.5 - 587.3) 8.32 (6.77 - 9.91) 0.56 (0.52 - 0.59) 

Backs 

2018 57.8 (54.9 - 61.5) 5230 (4800 - 5596) 90.2 (84.5 - 95.7) 553.2 (441.8 - 656.8) 9.60 (7.78 - 11.3) 0.49 (0.44 - 0.53) 

2019 56.3 (51.4 - 60.4) 4971 (4494 - 5402) 89.0 (81.8 - 94.9) 499.8 (406.9 - 595.7) 8.86 (7.23 - 10.8) 0.48 (0.44 - 0.52) 

2020a 56.8 (54.2 - 59.3) 5177 (4780 - 5527) 90.1 (84.9 - 97.0) 511.8 (404.6 - 597.5) 8.73 (7.16 - 10.7) 0.52 (0.49 - 0.56) 

2020b 60.3 (57.4 - 64.3) 5272 (4893 - 5648) 86.7 (81.9 - 91.2) 512.2 (412.6 - 603.6) 8.44 (6.87 - 10.0) 0.49 (0.46 - 0.54) 

 



 

 118 

5.3.2 Changes in whole-match and ball in-play locomotor variables  

For forwards, whole-match average speed reduced (large) and BIP average speed reduced 

(moderate) between 2020a and 2020b. For adjustables, whole-match distance reduced 

(small) and average speed increased (small) between 2018 and 2019; however, BIP 

distance was the only dependent variable to reduce (small) in this same period. From 2019 

to 2020a, whole-match and BIP distance and average speed increased (small) for 

adjustables. Whole-match and BIP average speed reduced (small) between 2020a and 

2020b for adjustables. For backs, whole-match and BIP distance reduced (small) between 

2018 and 2019. Between 2019 and 2020a, for whole-match and BIP periods, total distance 

and average speed increased (small). When comparing 2020a and 2020b for backs, whole-

match and BIP periods, average speed reduced (small).  

High-speed running distance per minute reduced (small) for forwards both for whole-

match and BIP analysis 2020a and 2020b; however, all other whole-match and BIP 

comparisons were trivial.  

For forwards, whole-match average acceleration reduced (large) and BIP average 

acceleration reduced (small) between 2020a and 2020b. For adjustables, whole-match and 

BIP average acceleration increased (moderate) from 2019 and 2020a. However, average 

acceleration reduced (moderate) for adjustables for both whole-match and BIP periods 

between 2020a and 2020b. For backs, whole-match and BIP average acceleration increased 

(moderate) between 2019 and 2020a; however whole-match and BIP average acceleration 

reduced (small) for 2020a and 2020b comparison. All other whole-match and BIP 

comparisons were trivial. 

When comparing data from season 2018 to season 2020b; for forwards, whole-

match average speed reduced (moderate), HSR distance reduced (small), HSR distance 

per minute reduced (moderate) and average acceleration reduced (small). Forwards BIP 

average speed reduced (moderate) and BIP HSR distance per minute reduced (small). For 

adjustables, whole-match average speed increased (small) and average acceleration 

increased (moderate) whilst BIP HSR distance per minute increased (small). For backs, 

whole-match HSR distance reduced (small) and average acceleration increased 

(moderate). Backs BIP average speed reduced (small), BIP HSR distance reduced (small), 

BIP HSR distance per minute reduced (small) and BIP average acceleration increased 

(small). 
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5.3.3 Changes in match events 

For forwards, the number of missed tackles increased (small) from 2018 to 2019 and the 

number of tackles and carries increased (small) from season 2020a to 2020b. For 

adjustables, the number of missed tackles increased (small) from 2018 to 2019 and the 

number of carries increased (small) from 2020a to 2020b. For backs, the number of missed 

tackles increased (small) from 2020a to 2020b. All other match events comparisons were 

trivial. 

Between 2018 to 2020b, for forwards, the number of tackles increased (small). For 

adjustables, the number of carries increased (small). For backs, the number of missed 

tackles increased (small) as did the number of carries (small).
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Figure 9: Standardised effect size (±90% confidence interval) differences in whole-match duration and locomotor characteristics between SL seasons 2018 to 2020b. 
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Figure 10: Standardised rate ratio (±90% confidence interval) differences in match events between SL seasons 2018 to 2020b. 
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Figure 11: Standardised effect size (±90% confidence interval) differences in BIP duration and locomotor characteristics between SL seasons 2018 to 2020b. 
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5.4 Discussion 

Given the implementation of several rule changes within Super League rugby league 

matches in 2019 (i.e. reduced number of interchanges from 10 to 8, introduction of the shot-

clock, and golden point), 2020a (i.e. reduction in the shot-clock by five seconds; 30 seconds 

for a scrum and 25 seconds for a drop-out), and 2020b (i.e. temporary removal of scrums 

and introduction the ‘six again’ rule), the aim of this study was to quantify differences 

between 2018 to 2020b seasons for player locomotor characteristics and match events.  

This was the first study to include league-wide data for locomotor characteristics and 

match events across multiple league seasons (i.e. three-year period). The study found that 

rule changes have a greater effect on whole-match characteristics than those reported 

when the ball is in play, suggesting the rule changes have removed stagnant time from 

matches. Findings suggest that, from 2018 to 2020b, the Super League have achieved their 

objective in increasing the speed of matches as supported by increased average speed and 

average acceleration. 

 

5.4.1 Season 2018 – 2019 

Findings from this league-wide study suggest that the 2019 Super League rule changes 

had a more apparent effect on whole-match characteristics than BIP periods. Adjustables 

and backs experienced a reduction in whole-match duration in season 2019 compared to 

2018; however, when data were analysed for BIP periods the reduction in duration was of 

a lower magnitude. Forwards did not experience any change in duration which is likely due 

to the shot-clock having a greater impact upon positional groups that have greater match 

durations (e.g., forwards are more commonly interchanged (Black and Gabbett, 2014, 

Waldron et al., 2011)). Despite reduced match duration for adjustables from 2018 to 2019, 

this study found average speed increased. This is likely because the 2019 Super League 

rule changes purposefully reduce the amount of inactive time or ‘stagnated’ play within 

rugby league competition (Woods et al., 2018), particularly with the introduction of the shot-

clock. Players therefore likely have reduced time between bouts, which has implications for 

training practices and when preparing players for the match demands (Whitehead et al., 

2018).  

The present study demonstrated an increase in the number of missed tackles within 

the 2019 season compared to 2018 for forwards and adjustables. This may be due to the 

reduced rest time during matches (i.e. reduced [moderate] whole-match duration however 

only reduced [small] BIP duration) and reduced ability to interchange players which 

potentially contributes to more within-match fatigue. The observed increase in number of 
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missed tackles is in agreement with previous research in the NRL (Woods et al., 2018). 

Using multidimensional scaling, Woods et al. (2018) found that within the NRL competition 

in the seasons following 2015, the number of missed tackles and tackle breaks increased 

suggesting that matches were becoming more ‘free flowing’. The NRL implemented the 

same shot-clock rule change as well as fewer permitted number of interchanges in 2016 to 

reduce ‘stagnated’ play. These authors suggested the increase in missed tackles was a 

possible consequence of this rule change, and specifically due to an increased number of 

offloads completed in attack.  

 

5.4.2 Season 2019 – 2020a 

Ahead of season 2020a, with a view to further increasing the speed of match-play (League, 

2021), the shot-clock was reduced by five seconds (i.e. 30 seconds for a scrum and 25 

seconds for a drop-out were now allowed). Whole-match duration for all positions appears 

unaffected by this rule change; however, both adjustables and backs experienced an 

increase in distance and average speeds. Both these positional groups also experienced 

an increase in distances and average speeds for BIP periods. All positional groups 

experienced increases in whole-match and BIP for average acceleration.  

Findings from this comparison suggest that the reduction of time from the shot-clock 

successfully contributed to further increasing the speed of Super League matches. 

However, this should be interpreted with caution as this data collection period within the 

study contained the smallest number of observations across all seasons. 

 

5.4.3 Season 2020a – 2020b 

The most substantial difference in dependent variables was observed during this 

comparative period for forwards whereby average speed and average acceleration reduced 

both during whole-match and BIP analyses. During this comparative period, adjustables 

and backs also experienced a reduction in whole-match average speed and average 

acceleration. Once matches returned from temporary league suspension in August 2020 

(i.e. season 2020b) they did so with two notable rule changes. The ‘six-again’ rule, which 

allows the referee to award a new set of six tackles instead of a penalty was introduced 

alongside the temporary removal of scrums. Scrums were removed with the objective of 

reducing the likelihood of SARS-CoV-2 transmission during matches (Jones et al., 2021b). 

Whole-match and BIP duration increased for all positional groups in 2020b when compared 

to 2020a. This increase in duration coupled with no change in distances covered 



 

 125 

demonstrates that the average speed of matches reduced between season 2020a and 

2020b.  

Although the average speed of matches appears to have reduced, an increase in 

the number of tackles and carries for forwards was observed. Furthermore, adjustables 

reported an increase in the number of carries and backs experienced an increase in the 

number of missed tackles which suggests greater collision involvements were experienced 

by all positional groups. Previous research has demonstrated reduced average running 

speed and reduced average acceleration as number of collisions increases (Johnston et 

al., 2015c, Johnston et al., 2019b). This increase in match events may be attributed to the 

‘six-again’ rule which allows the referee to award six more tackles in the event of an 

infringement by a defending side. These findings are consistent with previous research 

which suggests that, due to an inability to cover large distances whilst being involved in 

tackles or carries, locomotor characteristics are likely to reduce as collision frequency 

increases (Roe et al., 2017). 

 

5.4.4 Season 2018 – 2020b 

Findings when comparing characteristics and events from season 2018 to those 

experienced in 2020b demonstrate that whole-match and BIP HSR distance and HSR 

distance per minute has reduced for forwards whilst HSR distance per minute has reduced 

for adjustables and backs. Season 2018 to 2020b comparison is not the first-time backs 

have been shown to reduce high velocity activity within rugby league. The effects of a rule 

amendment known as the ‘10-meter’ rule change within rugby league has been previously 

investigated with results suggesting that sprinting activities marginally increased amongst 

forwards (0.5%) and reduced within backs (-0.8%) (Meir et al., 2001). However, Meir et al. 

(2001) did not provide a magnitude of change therefore the effects of this rule change 

remain unknown. Previous research has shown that HSR distances can be impacted upon 

by altering pitch dimensions (López-Fernández et al., 2019). Pitch dimensions and number 

of players on the field at any given time remained consistent between Super League 

seasons which may provide an explanation for this variable less affected during the 

observational period in this study. 

Forwards have shown a reduction in average speed and average acceleration when 

comparing 2020b characteristics to those within season 2018; however, have also 

completed more tackles within 2020b when compared to 2018. The reduction in average 

speed and average acceleration suggests that players are downregulating their physical 

output, given that the number of tackles undertaken have increased. Adjustables and backs 

have experienced a reduction in whole-match duration however both positional groups have 
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experienced an increase in carries. Backs have also reported a reduction in tackles and an 

increase in missed tackles. This general increase in match events may be explained by the 

increase in BIP duration under the logic that increased BIP duration provides more 

opportunity for events such as tackles, carries and missed tackles to occur. The notable 

exception to this observation is within backs which experienced a reduced number of 

tackles in season 2020b when compared to 2018. 

Whilst direct comparison with previous research is challenging due to 

methodological differences, this does appear to contradict general findings from previous 

literature using observations from the NRL. Gabbett and Hulin (2018) reported that the 

number of tackles increased by 5% (ES = 0.94) from 2004 (297 ± 16) to 2014 (313 ± 12), 

suggesting that NRL matches gradually became more defence orientated. From seasons 

2012 to 2014, Evans et al. (2018) reported an increased number of collisions within a newly 

promoted Super League franchise however their study was not without limitation (e.g., data 

was collected from a single team containing a relatively small sample size).  

A limitation within the present study is that data derived from wearable technology 

is only available from season 2018 onwards and therefore typical season-to-season 

variability, independent of rule changes is unknown. It is therefore unclear whether the 

change between seasons is outside of this variability.  

The exclusion of data within this study based on ‘signal quality’ (i.e. number of 

satellites and HDOP) is in keeping with accepted methodologies used in previous sports 

science literature. However, it’s important to acknowledge from an engineering perspective 

that a good HDOP value does not guarantee more accurate positional data since HDOP 

measures only one source of error (i.e. the satellite configuration). A more common issue 

within an urban and indeed elite sport environment is that of multipathing which occurs when 

satellite signals are reflected from building or stadium surfaces (i.e. grandstands) (Groves 

et al., 2013, Zhang et al., 2018). HDOP is calculated purely from the geometrical 

organisation of the satellites (Malone et al., 2017) therefore multipathing does not change 

the HDOP values reported. Future research within sports science should look to better 

understand the consequences that multipathing may have upon the quality of wearable 

derived GNSS data.  

Whilst the wearable technology used within this study to derive human locomotion 

has previously been shown to be valid and reliable, a limitation is the unknown inter- and 

intra-reliability of Opta personnel when coding rugby league match events. Whilst inter-

operator reliability of event coding has been demonstrated to be very good within soccer 

(Liu et al., 2013) and AFL (Robertson et al., 2016b) , it is unclear if these findings transcend 

other sports and therefore future research should aim to determine this.  
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Finally, rugby league appears to review and modify rules on an annual basis, 

therefore whilst specific findings may appear outdated for practitioners once new rules are 

implemented, evaluating the trends following rule changes helps policymakers understand 

the potential impact of new rules in the future (e.g., if further changes are made to the 

number of interchanges).  

 
5.5 Conclusions 

The aim of this study was to quantify differences in duration, locomotor characteristics and 

match events between 2018, 2019, 2020a and 2020b seasons following regular rule 

changes within rugby league competition. The study found that rule changes have a greater 

effect on whole-match characteristics than those recorded during BIP periods, suggesting 

the rule changes have removed stagnant time from matches. Moving sequentially from 

seasons 2018 through to 2020b, the Super League appear to have achieved their objective 

in increasing the speed of matches as shown by increased average speeds and average 

acceleration. Amendments to tackle related rules within matches (e.g., introduction of the 

‘six-again’ rule) increase the number of collision related events such as carries and tackles 

which players are exposed to. Further research should aim to determine if there is a cause-

and-effect relationship exists between fatigue accumulated with increased BIP duration and 

reduced whole-match average speed.  
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CHAPTER 6: TACKLE AND BALL CARRIER DEMANDS OF RUGBY LEAGUE: A 
SEVEN-YEAR LEAGUE-WIDE STUDY INCLUDING OVER 1,000,000 TACKLE EVENTS 

 

Rennie, G., Weaving, D., Hart, B., Dalton-Barron, N. & Jones, B. (2022) Tackle and ball 

carrier demands of rugby league: a seven-year league-wide study including over 

1,000,000 tackle events. Journal of Science and Medicine in Sport, 25(10):850-854.  

 

The content for this chapter has been published in the Journal of Science and Medicine 

in Sport. 

 

The manuscript can be accessed at: https://doi.org/10.1016/j.jsams.2022.07.002. 

 

Abstract 

Objectives: Describe the highest frequency and variability for tackle events in rugby league. 

Investigate seasonal differences in total tackle events per match over a seven-year period. 

Design: Retrospective observational. Methods: Tackle events (i.e., ball carrier events 

[attacker] and tackler involvements [defender]) from 864 male professional rugby league 

players competing in 1176 Super League matches from 2014 to 2020 were included. A 

series of linear mixed effect models were used to determine the frequency and variability 

during peak 1, 3, 5, 10, 20, 40 minutes and whole-match tackle events per player per match 

at a positional group level. Differences between seasons for the total number of tackle 

events per match were compared using a one-way analysis of variance and with Tukey's 

honestly significant difference test. Results: Tackle events were greatest for Props (51.5 

[47.7–55.4] per match). Within-players, between-matches, and between-seasons variability 

was <10 % for tackle events. There were significantly less tackle events and tackler 

involvements per match in 2014 and a significantly more tackle events per match in season 

2020b when compared with all other seasons. Conclusions: Large between-position 

variability in peak tackle events, ball carrier events, and tackler involvements would suggest 

that coaches should separate players into positional groups and prescribe training 

accordingly. Total number of tackle events, ball carrier events, and tackler involvements 

were significantly greater in season 2020b when compared to season 2014 to 2019 

(inclusive) which may be a consequence of rule changes introduced to the sport. 

 
6.1 Introduction 

https://doi.org/10.1016/j.jsams.2022.07.002
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Rugby league players undertake intermittent locomotor activities (e.g., accelerating and 

sprinting) and tackle events (i.e., ball carrier [attacker] and tackler involvement [defender]) 

during match play (Hausler et al., 2016, Johnston et al., 2019b, Weaving et al., 2019b). The 

tackle event is the most injurious activity (Tee et al., 2019). The characteristics (e.g., 

frequency, intensity, and duration) of tackle events are typically reported using 

microtechnology or video-based notational analyses (Naughton et al., 2020). Locomotor 

activities are well documented (Dalton-Barron et al., 2020b, Glassbrook et al., 2019, 

Hausler et al., 2016) yet the characteristics pertaining to tackle events are less understood, 

despite their importance from a physical performance and an injury perspective (Naughton 

et al., 2020).  

Tackle events are typically reported as total frequency (i.e., tackle events per match) 

or rate (i.e., tackle events per minute) (Rennie et al., 2020, Weaving et al., 2019b). 

Understanding the frequency and rate of tackle events collectively, and separately as a ball 

carrier or involvement as a tackler, is important from a load monitoring, injury risk reduction, 

and physical preparation perspective (Fitzpatrick et al., 2018, Hausler et al., 2016, 

Naughton et al., 2020). During rugby league matches, forwards are involved in a similar 

number of tackle events as a ball carrier (forwards: 11.2 vs. backs: 11.4 per match) and 

approximately twice as many involvements as a tackler (forwards: 24.9 vs. backs: 12.7 per 

match) compared to backs (Naughton et al., 2020). Whilst useful, these data are based on 

whole-match frequencies, and do not report the maximal number of tackle events a player 

is involved in for a given duration (e.g., 1 minute, 5 minutes, or 10 minutes) which may 

impact both performance and injury risk within a match. 

Johnston et al. (2019b) used a rolling sum approach to determine the peak tackle 

event rate (i.e., tackle events per minute) for forwards and backs in Super League and 

National Rugby League (NRL), which are the two professional rugby league competitions 

based in Europe and Australasia, respectively. The peak number of tackle events per 

minute for a 1 minute epoch were the same for Super League and NRL forwards and backs 

(e.g., 4 ± 1 and 3 ± 1 tackle events per minute). Weaving et al. (2019b) reported that Super 

League players were exposed to 4.9 to 9.7 tackle events during their highest average 

running demands during a 10 minute period. Both of these studies (Johnston et al., 2019b, 

Weaving et al., 2019b) measured tackle events using a validated microtechnology collision 

detection algorithms (Hulin et al., 2017), which does not differentiate if a players 

involvement was a ball carrier (i.e., attacker) or tackler (i.e., defender). Consequently, the 

peak ball carry and tackle demands of rugby league match-play remain unknown and 

requires investigation. This is important given 61% of injuries during rugby league occur 

during the tackle event (Hopkinson et al., 2020), and the ball carrier has a higher injury rate 

than the tackler (Tee et al., 2019).  
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Rugby league has also implemented several rule changes. In 2020, Super League 

temporarily removed the scrum and introduced the ‘six-again’ rule. In comparison to the 

previous season, adjustables and backs completed more ball carries, and forwards 

completed more tackles during matches (Rennie et al., 2021). In the NRL, following rule 

changes the mean duration of a BIP phase increased from 76.6 ± 11.9 s in 2019 to 90.1 ± 

14.9 s and 98.7 ± 17.5 s in 2020 and 2021 (Delves et al., 2022b), suggesting more tackles 

are undertaken prior to a rest period (i.e., ball out of play). Whilst research has shown a 

difference in overall match demands due to rule changes ((Delves et al., 2022b, Rennie et 

al., 2021), the evolution of the total number of tackle events, and tackle events as a ball 

carrier or tackler or per match, and for different durations of time (e.g., 1 to 10 minutes) is 

yet to be determined.  

The primary aim of this study was to describe the highest frequency and variability 

of tackle events, ball carries and tackler involvements per player for playing positions during 

professional rugby league matches over a seven-year period. The secondary aim was to 

investigate seasonal differences in total (i.e., sum for all players during a match) tackle 

events, and involvements as a ball carrier or tackler during rugby league matches between 

2014 and 2020. 

 
6.2 Methods 

6.2.1 Design 

This study used a retrospective observational design in which tackle events, ball carries, 

and tackler involvements were analysed from 864 individual male professional rugby league 

players competing in 1,176 Super League fixtures from 2014 to 2020. Eight observational 

periods were included: one for each season (2014 – 2019) and two for the 2020 season 

(2020a pre-COVID break and 2020b post-COVID break). Season 2020 was separated into 

two sub-seasons due to the duration of the enforced break in fixtures (Rennie et al., 2021) 

and different rules of match-play (e.g., with and without scrums (Jones et al., 2021b)).  

 

6.2.2 Participants 

Players were categorised by their primary playing position during each match; props (n = 

315), hooker (n = 169), second rows (n = 262), loose forward (n = 292), scrum half (n = 

130), stand-off (n = 149), centres (n = 229), wings (n = 216) and fullback (n = 129). A 

breakdown of the number of fixtures and positional groups during each match are available 

in Supplementary Materials 5.1. Institutional ethics approval was granted by Leeds Beckett 

University Human Ethics Research Committee. 
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6.2.3 Methodology 

Match-play event data was provided by Opta (Stats Perform, London, United Kingdom) and 

extracted online (https://www.optaprorugby.com/index.php) as an extensible markup 

language (XML) file. Commercial match-event providers have been used extensively as a 

data source within rugby league research (Emmonds et al., 2015, Evans et al., 2015, 

Hopkinson et al., 2020, Parmar et al., 2017, Woods et al., 2018). Each XML file was 

converted to a comma separated value (CSV) file that contained date, a unique fixture ID, 

player ID, position category, event ID, event timestamp, and event type (e.g., ball carry or 

tackler involvements). Ball carries were defined as a player being in possession of the ball 

when being tackled by a defending player and included instances whereby the ball carrier 

offloaded the ball in the process of being tackled (Evans et al., 2015, Opta, 2013). Tackler 

involvements were defined as a player attempted to halt the progress or dispossess an 

opponent in possession of the ball regardless of the outcome (e.g., incomplete tackles 

during which the defender made initial contact but ‘missed’ the tackle due to physical contact 

with the attacker were included within the tackler involvement frequency (Opta, 2013)). 

Tackle events were interpreted as collective ball carries and tackler involvements. These 

operating definitions (Opta, 2013) were consistent throughout the data collection period. 

 

6.2.4 Statistical Analysis 

A CSV file containing the precise second of tackle events, as a ball carrier or involvement 

as a tackler, for each player and match was imported into R (version 4.1.2) for analysis. The 

highest number of tackle events, ball carries and tackler involvements accumulated per 

individual within each match were calculated for each defined time epoch (e.g., 1, 3, 5, 10, 

20, 40 minutes and whole-match) using a rolling sum via the roll_sum() function, contained 

within the RccpRoll package (Ushey, 2018). The highest value was taken as the peak tackle 

event frequency for each time epoch (Johnston et al., 2019b, Weaving et al., 2019b) The 

total number of tackle events, ball carries, and tackler involvements performed within each 

match (i.e., sum total of events during a match) were determined by grouping and 

summating all defined events within a match.  

Prior to analysis, normality was inspected through kernel density and quantile-

quantile plots. The distributions of peak match-event dependant variables (tackle events, 

ball carries, and tackler involvements) were not normal, so variables were log-transformed 

to reduce error arising from non-uniform residuals and then back-transformed post-analysis. 

To account for zero values within the peak match-event dataset, a value of 1 was added to 

each count variable which was subsequently deducted from the resulted back transformed 

https://www.optaprorugby.com/index.php
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estimates. The distribution of total tackle events, ball carries, and tackler involvements per 

match was normally distributed.  

For the peak 1, 3, 5, 10, 20, 40 minutes and whole-match analysis, peak match-

event data were analysed through a series linear mixed-effects models using the lme4 

package in R (Bates et al., 2015), with random effects for player ID (to estimate differences 

between-player means), position category (to estimate changes between-positions), fixture 

ID (to estimate changes between-matches) and season (to estimate changes between-

seasons) (Howe et al., 2020). The resultant estimates were presented with 95% confidence 

intervals. Within-player variation was then attributed to that of otherwise unexplained 

variability (i.e., the residual). Variability was expressed using the CV and was presented 

with 95% CIs as markers of uncertainly estimates; large changes were interpreted as >10% 

(Dalton-Barron et al., 2020a). 

For the total number of tackle events per match analysis, differences between the 

total number of events per match were compared using a one-way analysis of variance 

(ANOVA) using the aov() function in base R. Tukey’s honestly significant difference (HSD) 

test was used post-hoc using the TukeyHSD() function in base R to compare differences 

between seasons and adjusted p-values were interpreted at an alpha-level of p<0.05. The 

adjusted p-value identifies positional comparisons that are significantly different, whilst 

limiting the family error rate (Tierney et al., 2020). 

 
6.3 Results 

A total of 1,173,014 tackle events (355,724 ball carries and 817,290 tackler involvements) 

were coded from 2014 to 2020 and included within this study. Table 10 presents the mean 

peak tackle events, ball carries, and tackler involvements per player for playing position for 

each time epoch.  

Table 11 details the variability in tackle events, ball carries, and tackler involvements 

within- and between-players, between-matches, between-positions, and between-seasons. 

Within-players, variability (%CV) ranged from 0.5% to 5.7% for all time epochs. Between-

matches variability ranged from 1.9% to 8.4% for tackle events, 1.5% to 7.7% for ball 

carries, and 2.0% to 7.2% for tackler involvements. Between-seasons, variability ranged 

from 0.6% to 1.8% for tackle events, 0.5% to 2.2% for ball carries, and 0.8% to 1.2% for the 

tackler. Between-players, variability was <10% for tackle events (1 to 10 minutes epoch), 

ball carries (1 to 3 minute epoch) and for tackler involvements (1 to 5 minutes epoch). 

Between-positions, variability was <10% for ball carry exposures in the 1 minute time epoch. 

All other measures of variability were >10% CV (Table 11).  

There was a significantly lower number of tackle events and tackler involvements 

per match in 2014 when compared with all other seasons (Figure 12). Except for ball carries 
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in the 2020b to 2020a comparison, there was a significantly greater number of tackle events, 

ball carries, and tackler involvements per match in season 2020b than all other seasons 

(Table 12).  
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Table 10: Peak tackle events, ball carries and tackler involvements per player for positions (Mean ± 95% CIs) 

Event Positional Group 1 minute 3 minutes 5 minutes 10 minutes 20 minutes 40 minutes Whole Match 

Tackle Events (n) Props 3.4 (3.3 - 3.5) 5.4 (5.3 - 5.6) 7.1 (6.8 - 7.3) 10.4 (10.1 - 10.8) 15.6 (15.0 - 16.2) 22.9 (21.9 - 23.8) 51.5 (47.7 - 55.4) 

Hookers 3.3 (3.2 - 3.5) 5.1 (4.9 - 5.3) 6.5 (6.2 - 6.8) 9.4 (9.0 - 9.8) 14.1 (13.4 - 14.7) 21.3 (20.3 - 22.3) 44.8 (42.5 - 47.0) 

Second Rows 3.3 (3.1 - 3.4) 5.0 (4.8 - 5.1) 6.4 (6.1 - 6.6) 9.3 (8.9 - 9.6) 13.9 (13.3 - 14.5) 21.8 (20.9 - 22.6) 42.0 (40.2 - 43.7) 

Loose Forwards 3.4 (3.3 - 3.5) 5.4 (5.2 - 5.6) 7.0 (6.7 - 7.2) 10.3 (9.9 - 10.7) 15.6 (15.0 - 16.2) 23.2 (22.3 - 24.1) 49.1 (47.0 - 51.2) 

Scrum-halves 2.7 (2.6 - 2.8) 3.9 (3.7 – 4.0) 4.8 (4.5 - 5.0) 6.8 (6.4 - 7.2) 10 (9.4 - 10.6) 14.9 (14.0 - 15.9) 27.4 (25.7 - 29.2) 

Stand-offs 2.7 (2.6 - 2.8) 3.8 (3.7 – 4.0) 4.8 (4.5 - 5.0) 6.8 (6.4 - 7.2) 10 (9.4 - 10.6) 15.0 (14.0 - 15.9) 27.6 (25.9 - 29.3) 

Centres 2.7 (2.6 - 2.8) 3.9 (3.8 – 4.0) 4.9 (4.7 - 5.0) 6.9 (6.7 - 7.2) 10.2 (9.8 - 10.6) 15.3 (14.7 - 15.9) 28.4 (27.3 - 29.6) 

Wings 2.1 (2.0 - 2.2) 2.9 (2.8 - 3.1) 3.6 (3.3 - 3.8) 5.0 (4.6 - 5.3) 7.1 (6.6 - 7.7) 10.3 (9.4 - 11.1) 18.5 (16.9 - 20.1) 

Fullbacks 2.1 (2.0 - 2.3) 3.0 (2.8 - 3.2) 3.7 (3.5 - 3.9) 5.2 (4.8 - 5.6) 7.6 (7.0 - 8.2) 11.1 (10.1 - 12.0) 20.3 (18.6 – 22.0) 

Ball Carries (n) 

(i.e., attacker) 

Props 1.6 (1.5 - 1.7) 2.3 (2.1 - 2.4) 2.7 (2.6 - 2.9) 3.6 (3.5 - 3.8) 4.9 (4.6 - 5.1) 6.7 (6.3 - 7.1) 14.5 (12.6 - 16.4) 

Hookers 1.1 (1.1 - 1.2) 1.5 (1.3 - 1.6) 1.7 (1.5 - 1.8) 2.1 (1.9 - 2.3) 2.8 (2.5 - 3.1) 3.7 (3.2 - 4.1) 6.1 (5.1 - 7.2) 

Second Rows 1.5 (1.4 - 1.6) 2.0 (1.9 - 2.1) 2.4 (2.3 - 2.6) 3.2 (3.0 - 3.4) 4.3 (4.0 - 4.5) 6.0 (5.6 - 6.4) 10.5 (9.7 - 11.3) 

Loose Forwards 1.5 (1.4 - 1.6) 2.1 (2.0 - 2.2) 2.5 (2.4 - 2.6) 3.3 (3.1 - 3.5) 4.4 (4.2 - 4.7) 6.0 (5.6 - 6.4) 10.7 (9.7 - 11.7) 

Scrum-halves 1.2 (1.1 - 1.3) 1.6 (1.4 - 1.7) 1.8 (1.6 - 1.9) 2.3 (2.1 - 2.5) 3 (2.7 - 3.3) 4.0 (3.6 - 4.4) 6.4 (5.5 - 7.2) 

Stand-offs 1.3 (1.2 - 1.4) 1.7 (1.6 - 1.8) 1.9 (1.8 - 2.1) 2.4 (2.2 - 2.6) 3.2 (3.0 - 3.5) 4.3 (3.9 - 4.7) 6.9 (6.0 - 7.7) 

Centres 1.5 (1.4 - 1.5) 2.0 (1.9 - 2.1) 2.4 (2.3 - 2.5) 3.1 (3.0 - 3.2) 4.2 (4.0 - 4.3) 5.8 (5.6 - 6.1) 10.0 (9.5 - 10.5) 

Wings 1.5 (1.4 - 1.5) 2.1 (2.0 - 2.2) 2.5 (2.4 - 2.6) 3.3 (3.1 - 3.5) 4.6 (4.3 - 4.8) 6.5 (6.1 - 6.9) 11.3 (10.6 - 12.0) 

Fullbacks 1.6 (1.5 - 1.7) 2.2 (2.1 - 2.4) 2.7 (2.5 - 2.8) 3.5 (3.3 - 3.7) 4.9 (4.6 - 5.2) 7.0 (6.6 - 7.4) 12.2 (11.4 - 13.0) 

Tackler involvements (n) 

(i.e., defender) 

Props 3.2 (3.1 - 3.3) 4.8 (4.6 - 4.9) 6.0 (5.8 - 6.2) 8.5 (8.2 - 8.9) 12.1 (11.5 - 12.6) 17.3 (16.5 - 18.2) 37.3 (33.8 - 40.8) 

Hookers 3.2 (3.1 - 3.4) 4.8 (4.6 - 4.9) 6.0 (5.7 - 6.2) 8.5 (8.1 - 8.9) 12.5 (11.9 - 13.1) 18.7 (17.8 - 19.6) 38.7 (36.7 - 40.7) 

Second Rows 3.1 (3.0 - 3.2) 4.4 (4.2 - 4.6) 5.5 (5.3 - 5.7) 7.8 (7.4 - 8.1) 11.2 (10.7 - 11.7) 16.9 (16.1 - 17.7) 31.5 (30.1 - 33.0) 

Loose Forwards 3.2 (3.1 - 3.4) 4.8 (4.6 - 5.0) 6.1 (5.8 - 6.3) 8.7 (8.3 - 9.0) 12.6 (12.1 - 13.1) 18.4 (17.6 - 19.2) 38.4 (36.6 - 40.3) 

Scrum-halves 2.6 (2.4 - 2.7) 3.5 (3.3 - 3.7) 4.2 (4.0 - 4.5) 5.8 (5.4 - 6.2) 8.3 (7.7 - 8.8) 11.9 (11.1 - 12.7) 20.8 (19.3 - 22.4) 

Stand-offs 2.5 (2.4 - 2.7) 3.4 (3.3 - 3.6) 4.2 (4.0 - 4.4) 5.7 (5.4 - 6.1) 8.1 (7.5 - 8.6) 11.7 (10.9 - 12.5) 20.6 (19.1 - 22.0) 

Centres 2.4 (2.4 - 2.5) 3.2 (3.1 - 3.3) 3.9 (3.8 - 4.0) 5.3 (5.1 - 5.5) 7.4 (7.0 - 7.7) 10.5 (10.0 - 11.0) 18.4 (17.5 - 19.3) 

Wings 1.5 (1.4 - 1.6) 1.8 (1.7 – 2.0) 2.1 (1.9 - 2.3) 2.7 (2.3 - 3.0) 3.5 (2.9 - 4.0) 4.5 (3.7 - 5.2) 7.1 (5.8 - 8.5) 

Fullbacks 1.7 (1.6 - 1.8) 2.1 (1.9 - 2.3) 2.4 (2.2 - 2.7) 3.1 (2.7 - 3.5) 4.0 (3.5 - 4.6) 5.1 (4.3 - 5.9) 8.0 (6.6 - 9.4) 
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Table 11: The Variability (CV ± 95% CIs) in tackle events, ball carries and tackler involvements per player for positions 

Event Time epoch Residual (within-player) Between-match Between-season Between-player Between-position 

Tackle Events 

1 minute 0.66 (0.65 – 0.66) 1.85 (1.57 – 2.13) 0.57 (0.18 – 1.29) 5.21 (4.83 – 5.63) 15.38 (9.45 – 26.23) 

3 minutes 0.94 (0.93 – 0.94) 3.11 (2.86 – 3.38) 0.99 (0.51 – 2.03) 7.06 (6.58 – 7.59) 21.70 (13.19 – 37.64) 

5 minutes 1.18 (1.17 – 1.18) 3.88 (3.62 – 4.16) 1.31 (0.72 – 2.64) 8.11 (7.56 – 8.70) 25.14 (15.21 – 44.05) 

10 minutes 1.66 (1.65 – 1.68) 4.91 (4.62 – 5.22) 1.90 (1.09 – 3.78) 10.16 (9.50 – 10.89) 29.40 (17.68 – 52.14) 

20 minutes 2.54 (2.52 – 2.56) 5.94 (5.61 – 6.29) 2.83 (1.68 – 5.57) 12.61 (11.81 – 13.49) 32.85 (19.65 – 58.83) 

40 minutes 3.62 (3.60 – 3.65) 6.73 (6.35 – 7.13) 3.03 (1.79 – 5.98) 13.44 (12.58 – 14.39) 35.73 (21.28 – 64.47) 

Whole Match 5.65 (5.59 – 5.71) 8.44 (7.93 – 8.98) 1.84 (0.85 – 3.93) 16.43 (15.16 – 17.83) 46.61 (27.24 – 86.52) 

Ball Carries  

(i.e., attacker) 

1 minute 0.54 (0.53 – 0.54) 1.46 (0.91 – 1.89) 0.48 (0.14 – 1.09) 6.89 (6.40 – 7.44) 7.36 (4.55 – 12.30) 

3 minutes 0.64 (0.64 – 0.65) 1.89 (1.44 – 2.28) 1.04 (0.60 – 2.05) 9.20 (8.56 – 9.91) 11.60 (7.15 – 19.61) 

5 minutes 0.77 (0.76 – 0.77) 2.32 (1.89 – 2.72) 1.10 (0.63 – 2.18) 11.16 (10.40 – 12.00) 13.78 (8.46 – 23.43) 

10 minutes 1.01 (1.01 – 1.02) 3.09 (2.66 – 3.51) 1.55 (0.92 – 3.05) 14.39 (13.44 – 15.44) 17.15 (10.49 – 29.46) 

20 minutes 1.37 (1.36 – 1.38) 4.11 (3.66 – 4.56) 1.83 (1.07 – 3.63) 18.20 (17.01 – 19.51) 20.57 (12.51 – 35.68) 

40 minutes 1.80 (1.79 – 1.81) 5.22 (4.71 – 5.74) 2.13 (1.23 – 4.23) 20.45 (19.10 – 21.94) 26.19 (15.80 – 46.13) 

Whole Match 2.92 (2.89 – 2.95) 7.67 (6.91 – 8.43) 2.22 (1.05 – 4.70) 26.65 (24.58 – 28.97) 38.15 (22.37 – 69.63) 

Tackler Involvements 

(i.e., defender) 

1 minute 0.69 (0.68 – 0.69) 1.99 (1.63 – 2.32) 0.78 (0.38 – 1.63) 6.44 (5.96 – 6.95) 22.85 (13.87 – 39.80) 

3 minutes 0.99 (0.98 – 1.00) 2.71 (2.36 – 3.07) 0.98 (0.49 – 2.03) 8.72 (8.11 – 9.38) 32.84 (19.64 – 58.76) 

5 minutes 1.24 (1.23 – 1.25) 3.35 (2.99 – 3.71) 1.16 (0.59 – 2.41) 10.08 (9.39 – 10.84) 39.03 (23.13 – 70.96) 

10 minutes 1.76 (1.74 – 1.77) 4.14 (3.75 – 4.53) 1.56 (0.85 – 3.17) 12.56 (11.71 – 13.50) 48.63 (28.43 – 90.56) 

20 minutes 2.62 (2.59 – 2.63) 4.76 (4.33 – 5.20) 2.14 (1.22 – 4.29) 15.27 (14.26 – 16.39) 59.05 (34.07 – 112.90) 

40 minutes 3.57 (3.55 – 3.60) 5.47 (4.95 – 6.00) 2.00 (1.10 – 4.07) 16.73 (15.59 – 17.98) 73.00 (41.38 – 144.10) 

Whole Match 5.46 (5.40 – 5.52) 7.20 (6.26 – 8.13) 1.24 (0.29 – 2.86) 20.36 (18.62 – 22.32) 104.39 (57.01 – 220.39) 
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Table 12: Total number (mean ± 95% CIs) of tackle events, ball carries and tackler 

involvements per match  

Season Tackle Events Ball Carries (i.e., attacker) Tackler Involvements (i.e., defender) 

2014 967 (956 – 977) b, c, d, e, f, g, h 303 (299 – 306) h 664 (657 – 671) b, c, d, e, f, g, h 

2015 994 (969 – 1020) h 304 (295 – 312) h 691 (672 – 709) a, h 

2016 999 (973 – 1025) h 299 (291 – 308) h 700 (681 – 718) a, h 

2017 1002 (977 – 1028) h 305 (296 – 313) h 698 (680 – 716) a, h 

2018 999 (974 – 1024) h 299 (291 – 307) h 700 (682 – 718) a, h 

2019 997 (971 – 1022) h 300 (292 – 308) h 697 (679 – 715) a, h 

2020a 1012 (975 – 1048) h 305 (293 – 317) 707 (681 – 732) a, h 

2020b 1068 (1037 – 1099) a, b, c, d, e, f, g 318 (308 – 328) a, b, c, d, e, f 750 (728 – 772) a, b, c, d, e, f, g 

Values are presented as mean (95% CI); CI = confidence interval. 

 
Figure 12: Boxplot of total number of tackle events, ball carries and tackler involvements per match 

a = significantly different from 2014; b = significantly different from 2015; c = significantly different from 2016; d = significantly 

different from 2017; e = significantly different from 2018; f = significantly different from 2019; g = significantly different from 

2020a; h = significantly different from 2020b.  
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6.4 Discussion 

The primary aim of this study was to describe the highest frequency of tackle events 

experienced for a given duration for ball carries, and tackler involvements per player during 

professional rugby league matches over a seven-year period. During a whole-match, Props 

were involved in the highest number of tackle events (18.5 ± 95% CI; 16.9 – 20.1) and ball 

carries (14.5; 12.6 – 16.4), and Hookers were involved in the highest number of 

involvements as a tackler (38.7; 36.7 – 40.7). Within a 1 minute period both Props and 

Loose Forwards were involved in the highest number of tackle events (both 3.4; 3.3 – 3.5), 

Props and Fullbacks were involved in the highest number of ball carries (both 1.6; 1.5 – 1.7) 

per minute, and Props, Hookers and Loose Forwards were involved in the highest number 

of involvements as a tackler (3.2; 3.1 – 3.3, 3.2; 3.1 – 3.4, and 3.2; 3.1 – 3.4, respectively) 

per minute. Variability in peak tackle, ball carries, and tackler involvements across all time 

epochs was relatively stable (<10% CV) between matches and seasons. A secondary aim 

was to investigate seasonal differences at a match level between 2014 and 2020, where 

significantly more tackles and tackler involvements per match were observed for season 

2020b, in comparison to all other seasons, which may be a consequence of competition rule 

changes. These findings are important considerations from a player welfare, physical 

preparation, and competition structure perspective.  

Based on over 1,000,000 tackle events over seven years, this study showed that 

during a whole-match, forwards undertake 32 to 39 tackles and 6 to 15 ball carries, whilst 

backs undertake 7 to 21 tackles and 6 to 12 ball carries. This equates to approximately one 

tackle every 2 to 3 minutes and one ball carry every 6 to 13 minutes for forwards, or 

approximately one tackle every 4 to 11 minutes and one ball carry every 7 to 13 minutes for 

backs. Evans et al. (2015) reported similar frequencies per positional group in Super 

League, with forwards undertaking one tackle every approximately 2 to 3 minutes and one 

ball carry every 5 to 7 minutes, and backs undertaking approximately one tackle and one 

ball carry every 9 minutes. During peak 1 minute periods, forwards were involved in one 

tackle every 19 seconds, or one ball carry every 38 to 55 seconds, whilst backs was one 

tackle every 22 to 40 seconds, or one ball carry every 38 to 50 seconds. These data can be 

used to ensure players are appropriately prepared, mitigating the likelihood of reduced 

tackling technique due to fatigue (Austin et al., 2011) potentially increasing the risk of injury 

(Hogarth et al., 2016). This is important since the ball carrier is almost twice as likely to be 

injured than the tackler (39 vs. 20 injuries per 1000 hours) during a tackle (Tee et al., 2019). 

This study showed the peak number of tackle events, ball carries, and tackler 

involvement across all time epochs between matches and seasons were relatively stable 

(<10% CV). Larger variability was observed for 1 minute peak ball carries (CV = 7.4% (4.6 
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– 12.3%)), between-position variability was large (>10% CV) for all positional groups at all 

time intervals. The amount of variability in tackler events, tackles and carries appear similar 

to those reported for displacement variables (e.g., distance [m], average speed [m.min-1] 

and average acceleration [m.s-2]) in rugby league (Dalton-Barron et al., 2020a). Collectively, 

these finding can be used to determine if a worthwhile change in tackle events or 

involvements has taken place, which is important for player management strategies. These 

findings are consistent with the unique attacking and defensive responsibilities for playing 

positions during match-play. Therefore, coaches and governing bodies should ensure this 

is reflected in player rest and recovery strategies and policies.  

This study was the first to present summated tackle events data per match. There 

were no significant differences between any pairwise comparison from 2015 to 2020a (pre-

COVID) when analysing total number of tackles, ball carries, and tackler events per match 

(i.e., summated total number of tackle events during a match) (Table 12). However, there 

was a significant increase in the total number of tackles and tackler involvements when 

comparing season 2020b (post-COVID) to all other seasons. This finding may be explained 

because of rule changes implemented at the commencement of season 2020b. Following a 

141-day suspension of fixtures due to COVID-19 restrictions (Rennie et al., 2021), 

competitive Super League matches returned with the removal of the scrum and the 

introduction of the “six-again” rule. This rule change allowed the referee to award six more 

tackles in the event of an infringement by a defending side. As such governing bodies 

should be aware of the impact rules changes have on match activities, specifically tackle 

events, given their injury (Hopkinson et al., 2020) and concussion risk (Gardner et al., 2015). 

Gardner et al. (2021) demonstrated that, during NRL match play, 94.5% of HIAs occurred 

during the tackle event and reported 1.6 HIAs per 1000 tackler involvements. Considering 

the number of tackler involvements reported within the present study, it would be 

reasonable to speculate that the risk of HIA during rugby league match-play has increased 

from a propensity of 1.5 HIAs per match in season 2014 (964 tackler involvements per 

match) to a propensity of 1.7 HIAs per match in season 2020b (1068 tackler involvements 

per match); however further research is required to substantiate this speculation. 

The majority of studies within rugby league utilise small sample sizes (i.e., single 

team) (Glassbrook et al., 2019) during data collection which is considered as a limitation 

(Weaving et al., 2019a). In contrast, the large number of players and matches is a strength 

of the present study (e.g., previous large sample studies have included data from 380 

players collected from 323 matches during a two-year period vs. the present study included 

>1,000,000 tackle events and data from 864 players collected from 1176 matches during a 

seven-year period). This study is not without its limitations. Firstly, the specific action of the 

tackler (e.g., type of tackle completed) during the tackle event is not specified therefore the 
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tackling player may be the tackler making initial contact or perform the role of a supporting 

tackler. Secondly, the tackle events reported do not provide a magnitude of the collision. 

Collisions of different intensity are likely to have different metabolic (e.g., fatigue) or 

mechanical (e.g., muscle damage) costs. One way to examine collision intensity, 

specifically at the head, is in the form of head acceleration magnitudes and exposures, 

which has the potential to be achieved using instrumented mouthguards (Tierney et al., 

2021), however this method of collision quantification remains in its infancy.  

 
6.5 Conclusions 

For the first time, this study quantifies the highest number of tackle events, ball carry, and 

tackler involvements within rugby league match-play at various time epochs ranging from 1 

minute to whole-match. While whole-match analysis shows that players are exposed to one 

tackle event every 93 to 259 seconds, peak 1 minute analysis reveals an exposure at a 

substantially greater rate of every 17 to 29 seconds. This is an important consideration since 

during periods of a greater tackler involvement rate, players will experience fatigue which 

may compromise tackle technique and therefore it is important that players prepare 

physically to develop the capacity to perform to these demands. This study demonstrated 

low variability (CV <10%) within-player, between-matches and between-seasons for 

tackles, ball carries, and tackler involvements at all time epochs which suggests a 

consistent exposure to these events. This enables practitioners to understand when a 

player has been exposed to a meaningful change in collision stimulus and allows for simple 

tackle exposure modification via match selection/deselection or rest. Matches completed 

following a break in fixtures due to COVID-19 restrictions reported significantly greater total 

number tackle and tackler involvements when analysed at a match level. 
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CHAPTER 7: GENERAL DISCUSSION 

 

 

7.1 Introduction 

This section summarises and discusses the findings and applications from the studies within 

this thesis that are relevant to coaches and practitioners involved in the sport of rugby 

league and applied researchers within football-code team sports. Limitations (see section 

7.3), recommendations for future research (see section 7.4), and practical applications (see 

section 7.5) are also presented prior to conclusions (see section 7.6).  

 
7.2 Overview of Studies 

The overall aim of this thesis was to evaluate the match-play characteristics of senior male 

professional rugby league at both international and elite domestic level whilst considering 

both physical and technical-tactical performance impact. With specific reference to elite 

domestic rugby league competition (i.e., Super League), a particular line of investigation 

was the longitudinal evolution of match-play characteristics from the perspective of 

locomotor and collision-based variables and technical-tactical match events. Figure 13 

presents the sequence of publications from this thesis. The following section will provide a 

summary of this thesis findings. 

 
Figure 13: Flow diagram of experimental chapters produced within the current thesis (Rennie, 2024). 

Chapter 3

•The effects of 
rule changes in 
football code 
team sport: A 
Systematic 
Review

•Published in 
Science and 
Medicine in 
Football, July 
2024.
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•Locomotor and 
collision 
characteristics 
by phases of 
play during the 
2017 rugby 
league World 
Cup

•Published in 
Science and 
Medicine in 
Football, July 
2019.

Chapter 5

•Longitudinal 
changes in 
Super League 
match 
locomotor and 
event 
characteristics: 
A league- wide 
investigation 
over three 
seasons in rugby 
league

•Published in 
PLoS One, 
November 
2021.

Chapter 6

•Tackle and ball 
carrier demands 
of rugby league: 
a seven-year 
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study including 
over 1,000,000 
tackle events

•Published in 
Journal of 
Science and 
Medicine in 
Sport, July 2022.
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7.2.1 Summary of overall findings 

Glassbrook et al. (2019) identified a lack of research describing match-play characteristics 

of international level rugby league, and demonstrated a significantly lower number of 

publications from Super League (n = 3) than NRL (n = 27) competition. This lack of 

population-specific research on international and Super League level matches poses a 

challenge to coaches and sports science practitioners working within these competitions, 

as previous literature that included multiple rugby league competitions has demonstrated 

between-competition differences in match characteristics (Twist et al., 2014).  

 Chapter 4, the first published study within this thesis, addressed this gap by 

investigating international level match-play characteristics and revealed disparities in the 

locomotor and collision characteristics between attacking and defending phases of play at 

the 2017 RLWC, which is the pinnacle of international rugby league competition. Both 

forwards and backs demonstrated significantly lower average speeds when attacking than 

defending but covered substantially greater high-speed distances per minute during attack 

than during defensive phases of play. Forwards participating in this competition engaged in 

more collisions per minute when defending, while backs had a higher collision frequency 

when attacking, a finding that provides insight into the actions in which respective positional 

groups tend to experience collisions. For example, together these findings suggest that 

forwards are exposed to collisions mostly when tackling (i.e., defending) whereas backs are 

exposed to collisions when carrying the ball into contact (i.e., attacking). In addition to 

differences in the physical characteristics of phases of match-play, the findings of Chapter 

4 underscore the positional differences in locomotor and collision characteristics during the 

highest level of rugby league matches, offering novel insights that can inform specific 

technical-tactical training modalities (e.g., goal-line attack versus goal-line defence drills) in 

international rugby league teams. 

 Research describing match-play characteristics within NRL competition was 

significantly more prevalent than research investigating Super League competition 

(Glassbrook et al., 2019). Therefore, this thesis sought to address this imbalance by 

analysing league-wide player locomotion and match-event data collected during Super 

League matches. In light of the implementation of several rule changes within the Super 

League rugby league competition in 2019 (i.e., a reduced number of interchanges from 10 

to 8, the introduction of the shot-clock, and the addition of golden point in the event of a tied 

score), 2020a (i.e., reduction in the shot-clock by five seconds; 30 seconds for a scrum and 

25 seconds for a drop-out), and 2020b (i.e., the temporary removal of scrums and the 

introduction of the “six-again” rule), the aim of Chapter 5 was to quantify differences over a 

three-year period for player locomotor characteristics and match events. Chapter 5, which 
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is the second published study within this thesis, was the first study at the time of publication 

to include league-wide data for both locomotor characteristics and match events across 

multiple league seasons. The Super League publicly stated ahead of the 2019 season that 

their intention was to elicit faster, more intense, and more dramatic matches, and 

consequently introduced the rule changes described above. During the 2020 season, 

match-play was suspended for 141 days following restrictions in response to the COVID-19 

pandemic. Upon returning to competition (i.e., season 2020b), a series of additional rule 

changes were implemented, including the colloquially termed “six-again” rule, which had 

already been implemented within the NRL competition, and the removal of scrums. Chapter 

5 demonstrates that, from 2018 to 2020b, the Super League achieved its objective of 

increasing the speed of matches for both adjustables and backs, a finding which is 

supported by increased average speed and average acceleration. When comparing 

characteristics and events from the 2018 season to those experienced in 2020b for forwards; 

average speed, average acceleration, high-speed running distances, and high-speed 

running distances per minute reduced, alongside an increase in completed tackles. 

Increased exposure to collision-based events may help explain the reductions reported in 

locomotor characteristics within this positional group. Although average speed and average 

acceleration increased for adjustables and backs, backs experienced a reduction in high-

speed running distances per minute, and both positional groups experienced an increase 

in ball carries. The increase in match-play events may be explained by the increase in BIP 

duration, as increased BIP duration provides more opportunities for match events such as 

tackles and ball carries to occur. The findings in Chapter 5 are consistent with previous 

research in collision-based sports, which demonstrated that locomotor characteristics (i.e., 

total distance, average speed) are almost certainly greater during non-contact periods than 

during periods of contact-based activity (Roe, 2017). 

 The locomotor and collision characteristics of international and Super League rugby 

league competition are described in Chapter 4 and Chapter 5, respectively. The variability 

of displacement (i.e., locomotion) variables within rugby league matches was the topic of 

previous research (Dalton-Barron et al., 2020a); however, these authors did not analyse 

collision-based events, which are an important consideration when understanding the 

physical attributes of rugby league performance (Weaving et al., 2019b, Johnston et al., 

2019b). Chapter 6, the third published study from within this thesis, aimed to address this 

knowledge gap by describing the highest frequency and variability of tackle events, ball 

carries, and tackler involvements experienced during a range of time epochs up to and 

including whole matches during professional Super League rugby league over a seven-year 

period. A secondary aim of Chapter 6 was to investigate seasonal whole-match differences 

between seasons 2014 and 2020. Over 1,000,000 tackle events were included within the 
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analysis in Chapter 6, which was completed using a more granular level of positional 

groupings than previous chapters (i.e., Props, Hookers, Second rows, Loose forwards, 

Scrum-halves, Stand-offs, Wings, and Fullbacks), facilitated in part due to the larger volume 

of data analysed. During an entire rugby league match, Props were involved in the highest 

number of tackle events and ball carries and Hookers were involved in the highest number 

of involvements as a tackler. Within a 1 minute period, both Props and Loose forwards were 

involved in the highest number of tackle events; Props and Fullbacks were involved in the 

highest number of ball carries; and Props, Hookers, and Loose forwards were involved in 

the highest number of involvements as a tackler. Chapter 6 also revealed that during a 

match, forwards undertake 32 to 39 tackles and 6 to 15 ball carries, whilst backs undertake 

7 to 21 tackles and 6 to 12 ball carries. This equates to approximately one tackle every 2 to 

3 minutes and one ball carry every 6 to 13 minutes for forwards, or approximately one tackle 

every 4 to 11 minutes and one ball carry every 7 to 13 minutes for backs. Evans et al. (2015) 

reported similar frequencies per positional group in Super League, with forwards 

undertaking one tackle every approximately 2 to 3 mins and one ball carry every 5 to 7 mins, 

and backs undertaking approximately one tackle and one ball carry every 9 mins. The 

implications of the findings of these experimental chapters is discussed in later sections of 

this thesis from the perspective of their influence on policy (section 7.2.2) and applied 

practice (section 7.2.3). 

 When investigating the longitudinal characteristics of rugby league match-play, it is 

important to consider the impact that rule changes may have on performance. Chapter 3 

systematically reviewed the literature investigating the effects of rule changes within 

football-code team sports. Four studies included within the systematic review investigated 

the effects of rule changes within rugby league. Chapter 3 revealed that studies 

investigating rule changes within football-code team sports can be broadly categorised into 

at least four themes, the effects of rule changes on: physical performance and technical-

tactical events, injury incidence and prevention, match scoring or competition points 

awarded, and player development opportunities. With specific reference to rugby league, 

three of the four studies focused on physical performance and technical-tactical events, and 

one study related to the topic of injury incidence and prevention. Chapter 3 emphasised that 

the area of rule changes within football-code team sports is one that is growing, as 

evidenced by the highest number of studies published in a single calendar year occurring 

in 2022. From a methodological quality perspective, Chapter 3 also highlighted that studies 

relating to rule changes within football codes are at risk of bias. Several studies in this area 

did not account for confounding factors within their analyses, which may have contributed 

to reported changes, and should be accounted for using appropriate statistical methods 

(i.e., accounting for the covariance or hierarchical nature of data).  
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7.2.2 Implications of findings for policy makers 

Policy makers regularly review laws and rules of competition with several objectives, 

including: improving performance, enhancing player welfare, increasing competitiveness, 

and providing player development opportunities. Specifically, within Super League, a 

reduction in whole-match average speed and average acceleration was observed for 

forwards when comparing match characteristics in 2020b to those in 2020a. A reduction in 

BIP average speed and average acceleration was observed for all positional categories in 

the same comparative period. This may have been a consequence of two rule changes 

implemented between 2020a and 2020b: firstly, the introduction of the “six-again” rule; and 

secondly, the temporary removal of scrums, which were removed from match-play with the 

objective of reducing the likelihood of SARS-CoV-2 transmission during matches (Jones et 

al., 2021b). Although the average speed of matches appears to have reduced in this specific 

pre- to post-pandemic period, an increase in the number of tackles for forwards was found, 

which has important implications and is of particular relevance to policy makers since the 

tackle event is the most injurious event during rugby league match-play (Hopkinson et al., 

2020). Adjustables and backs reported an increase in the number of ball carries, and backs 

experienced an increase in the number of missed tackles, suggesting that all positional 

groups experienced greater collision-based involvements. Previous research supports 

these findings, having demonstrated that average running speed and average acceleration 

reduces as the number of collisions experienced increases (Johnston et al., 2015a, 

Johnston et al., 2019b). 

 Together, the findings of this thesis emphasise that governing bodies should be 

aware of the impact that rule changes can have on match activities, specifically tackle-

related events, given their associated injury risk (Hopkinson et al., 2020) and concussion 

risk (Gardner et al., 2015). During NRL match-play, 94.5% of HIAs occurred during the 

tackle event, with 1.6 HIAs reported per 1,000 tackler involvements (Gardner et al., 2015). 

Considering the increase in tackler involvements reported within Chapter 6, it would be 

reasonable to speculate that the risk of head-related trauma during rugby league match-

play may have also increased; however, further research is required to substantiate this 

speculation. 

 Policy makers are aware from previous research that reduced injury incidence 

(measured per 1,000 playing hours) was reported when the number of permitted 

interchanges was reduced from unlimited to a maximum of 12 during match-play (Gabbett, 

2005). Reduced interchanges were considered in Chapter 5 of this thesis, and their effects 

on performance indicators, including match events, duration, and locomotor characteristics 
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were analysed. In addition to a reduction in available player interchanges, the 2019 Super 

League season witnessed other notable rule modifications including the introduction of a 

shot-clock, and the use of the 'Golden Point'. Chapter 5 reveals a reduction in match 

duration for adjustables and backs following these rule changes, coupled with an increase 

in the average speed of match-play for adjustables. The “six-again” rule, which allows the 

referee to award a new set of six tackles instead of a penalty when infringements occur 

around the ruck, was also introduced. The introduction of this rule was explored within the 

southern hemisphere, NRL competition, and was found to contribute to an increased 

average acceleration when the ball was in play (Delves et al., 2022b). The effects of 

implementing the “six-again” rule within Super League competition were investigated within 

this thesis with findings suggesting that ball carries and tackles increased for forwards, ball 

carries increased for adjustables, and missed tackles increased for backs following the 

introduction of this rule. In addition to the increased number of match events, the whole-

match and BIP average speed and average acceleration reduced for all three positional 

groups following this rule change. Chapter 6 found that tackle events, ball carries, and 

tackler involvements all increased in 2020b which was the specific period analysed following 

the introduction of the “six-again” rule. This has important implications for policy makers 

since the ball carrier is almost twice as likely to be injured than the tackler (39 vs. 20 injuries 

per 1,000 hours) during a tackle (Tee et al., 2019). Increases in collision-based elements of 

rugby league performance are an important consideration for policy makers due to the 

heightened injury risk associated with tackle-related incidents.  

 

7.2.3 Implications of findings for practice 

The findings in Chapter 4 align with previous literature in Super League and NRL 

competition, which demonstrated greater high-speed running percentages in attack 

compared to defence (Sykes et al., 2009). This may be explained by the attacking and 

defending systems deployed during matches (i.e., defending players are required to retreat 

10 m before advancing, with the objective of reducing the space available to the attacking 

team and tackling the player in possession). Since the retreating distance is enforced at 10 

m, defending players do not cover sufficient distances to achieve what may be considered 

‘high-speed’ running thresholds during defensive play. In contrast, attacking players 

approach the opposition from depth with the objective of generating sprint momentum, as 

this physical quality has been shown to better discriminate between players at differing 

levels (first-division: 610 (51) kg.m.s-1 vs. second-division: 570 (46) kg.m.s-1, P £ 0.05) and 

is of considerable interest for coaches working in collision-oriented sports (Baker and 

Newton, 2008). The average speed and collision frequencies during attack and defence, 
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outlined in Chapter 4, are also in agreement with previous research which found that 

forwards completed greater average speeds (defence: 109 m.min-1 vs. attack: 82 m.min-1) 

and collision frequencies (defence = 1.9 n.min-1 vs. attack = 0.8 n.min-1) when defending 

(Gabbett et al., 2014). However, these authors reported greater high-speed distance per 

minute (defence = 5.3 m.min-1 vs. attack = 3.9 m.min-1) when defending, which contradicts 

the results within Chapter 4 of this thesis. The differences between findings could be due to 

the differences in high-speed thresholds or the large match-to-match variability of high-

speed running (Kempton et al., 2014), which was not considered as a random effect within 

the statistical analyses of previous research. Understanding the positional and contextual 

differences in match-play characteristics has implications for planning physical and 

technical-tactical training in practice which highlights their importance for coaches and 

sports scientists working within the sport.  

Describing the peak locomotor and collision characteristics experienced during 

competition is paramount for coaches and players to ensure that training and physical 

preparation is appropriately informed and suitably prescribed. The mean peak average 

speed achieved over a 5 minute window during the RLWC appears to be slightly higher than 

that previously reported in the Super League (Weaving et al., 2019b) and NRL (Johnston et 

al., 2019b). This could be explained by the lower number of match observations and the 

inclusion of a large proportion of knock-out fixtures during the RLWC compared to the 

domestic season, or by differences in the microtechnology used to determine the mean 

peak average speeds (Thornton et al., 2019). To support coaches in setting training targets 

for technical-tactical drills aimed at matching or exceeding the peak average speeds of 

matches, Delaney et al. (2018b) proposed quantifying the power-law relationship between 

the peak average speeds achieved across a range of durations during matches. By 

quantifying the slope (i.e., rate of decline of peak running intensity) and intercept values of 

the relationship between the change in peak average speed with the change in duration, 

practitioners can estimate the likely peak average speed for a given drill for each individual 

player. Chapter 4 contains the first attempt to replicate this novel method using a within-

player approach and analysing data collected during international rugby league matches. 

This novel approach could assist coaches and sports science practitioners in planning the 

locomotor characteristics collision exposures during the training process and within applied 

practice. 

The 2019 rule changes within the Super League competition had a greater effect on 

whole-match characteristics than on BIP periods (e.g., adjustables and backs experienced 

a reduction in whole-match duration in season 2019 compared to 2018; however, when data 

were analysed for BIP periods, the reduction in duration was of a lower magnitude). 

Forwards, a positional group more susceptible to interchanges, did not experience any 
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change in duration which is likely due to the shot-clock having a greater impact on positional 

groups that have longer overall match durations.  

Average speed increased for adjustables from 2018 to 2019 which is likely due to 

reduced inactive time with the introduction of the shot-clock. Players are therefore likely to 

have reduced time between bouts, which has implications for training practices and for 

preparing players for the characteristics of match-play (Whitehead et al., 2018). Chapter 5 

also revealed that forwards and adjustables recorded more missed tackles in the 2019 

season when compared to 2018 which may be a symptom of reduced rest time during 

matches and reduced number of player interchanges available which potentially contributes 

to more within-match fatigue, however further research is required to substantiate this 

speculation. The observed increase in the number of missed tackles aligns with previous 

research in the NRL (Woods et al., 2018), suggesting more free-flowing matches with an 

increased prevalence of missed tackles. Understanding how changes to rules influence the 

physical characteristics of match-play is critical for coaches and sports scientists working 

with teams in a practical setting. In addition to describing the physical characteristics of 

Super League rugby league match-play, Chapter 5 provides coaches, researchers, and 

practitioners with insights into the influence that changes to competition rules can have on 

physical characteristics. 

Chapter 6 revealed that significantly more tackles and tackler involvements per 

match were observed for season 2020b in comparison to all other seasons. This may be a 

consequence of competition rule changes, including the removal of scrums and the 

introduction of the “six-again” rule. Chapter 6 analysed data over a seven-year period and 

revealed that the peak number of tackle events, ball carries, and tackler involvements 

across all time epochs between matches and seasons were relatively stable (<10% CV). 

Larger variability was observed for 1 minute peak ball carries (CV = 7.4% (4.6 – 12.3%)), 

and between-position variability was large (>10% CV) for all positional groups at all time 

intervals. The large between-position variability of collision-based match events, in 

combination with the large between-position previously reported for total and high-speed 

running distances (Dalton-Barron et al., 2020a), further emphasise that a position-specific 

preparation and training approach is merited. The most recent comparative period analysed 

within the experimental chapters of this thesis (i.e., 2020a to 2020b) is of particular interest 

as the results of both Chapter 5 (i.e., the increased BIP duration, reduced average speed 

and reduced average acceleration for all positional categories) and the findings of Chapter 

6 (i.e., increased total number of tackle events, ball carries, and tackler involvements) 

suggest that the ball being in play for longer contributes to an increased volume of collision-

related match events during matches rather than locomotion (i.e., running-based) variables. 

Understanding the evolution of rugby league match-play can assist coaches in ensuring 
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that players are appropriately prepared for matches, thereby mitigating the likelihood of 

reduced tackling technique due to fatigue (Austin et al., 2011), which may potentially 

increase the risk of injury (Hogarth et al., 2016).  

The variability in tackler events, tackler involvements, and ball carries appear similar 

to those reported for displacement variables (e.g., distance, average speed, and average 

acceleration) in rugby league (Dalton-Barron et al., 2020a). Collectively, these finding can 

be used to determine if a worthwhile change in collision-orientated events has taken place, 

which is important for player management strategies. Chapter 6 presented, for the first time, 

summated tackle event data on a fixture-level basis. There were no significant differences 

from 2015 to 2020a when analysing the total number of tackles, ball carries, and tackler 

events per match (i.e., the summated total number of tackle events during a match). 

However, there was a significant increase in the total number of tackles and tackler 

involvements when comparing season 2020b to all other seasons. This finding may be 

explained by the rule changes implemented at the commencement of season 2020b, which 

began following a 141-day suspension of fixtures due to COVID-19 restrictions, as outlined 

in Chapter 5. These changes in match-event characteristics are important for coaches to 

understand how the physical qualities and characteristics of rugby league match-play are 

evolving, which may be useful for training and physical preparation review and future 

planning.  

  

7.3 Limitations 

The limitation of Chapter 4 is the case study design of the chapter. Although case studies 

can serve as a powerful tool to bridge the science-practice gap (Halperin, 2018), these 

reports can lack generalisability to the wider population or sport. The results of Chapter 4 

represent a specific cross-sectional example of a finals reaching team that is likely to differ 

for teams of different nationalities and between and within successive RLWCs. Moreover, 

since the sample size is restricted to a single team, this limited further analysis of interest 

such as more granular positional stratification. A limitation of Chapter 5 is that data derived 

from wearable technology is only available from season 2018 onwards and therefore typical 

season-to-season variability in the years preceding 2018, independent of the rule changes 

presented, is unknown. The unknown inter- and intra-reliability of Opta personnel when 

coding rugby league match events is a limitation within Chapter 5 and Chapter 6. Whilst 

inter-operator reliability of event coding has been demonstrated to be very good within 

soccer (Liu et al., 2013) and AFL (Robertson et al., 2016b), it is unclear if these findings 

transcend other sports and therefore future research should aim to determine this. Two 

additional limitations are present within Chapter 6. Firstly, the specific action of the tackler 
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(e.g., type of tackle completed) during the tackle event is not specified therefore the tackling 

player may be the tackler making initial contact, may use a dominant or non-dominant 

shoulder, or perform the role of a supporting tackler (Burger et al., 2020). Mechanical and 

physiological load associated with primary or supporting tacklers during the tackle event 

likely differs due to the kinematics of the tackle event. For example, within rugby union, 

tackles performed using the dominant shoulder have been shown to produce 13% greater 

force than those completed using the non-dominant shoulder (Seminati et al., 2017). 

Secondly, the tackle events collected using notational analysis do not provide a magnitude 

of the collision. Collisions of different intensity are likely to have different metabolic (e.g., 

fatigue) or mechanical (e.g., muscle damage) costs depending on the role of tackler.  

Publication bias is a concept which refers to the selective publication of research 

studies based on their positive effect findings (Dickersin, 1990, Mesquida et al., 2023). A 

characteristic of publications bias is greater likelihood of statistically significant findings 

being published than null findings when research quality is of an equal standard (Franco et 

al., 2014). When analysing the effects of rule changes within football-code team sports, for 

example in Chapter 3, there is a possibility that research studies which have reported null 

findings were either not accepted for publication (Dickersin, 1990, Mesquida et al., 2023), 

or that authors of these papers did not submit work for publication because they felt their 

research did not show any positive effects. This phenomenon, often referred to as the file-

drawer problem (Rosenthal, 1979), increases the likelihood that published results reflect 

Type I errors rather than true publication parameters, biasing effect sizes upwards (Franco 

et al., 2014). This is a limitation of the research process within biomedical (Song et al., 2010) 

and social sciences (Coursol and Wagner, 1986, Gerber and Malhorta, 2008), and influence 

any scientific field. Franco et al. (2014) included 221 studies within their analysis which 

categorised studies as strong (all or most hypotheses were supported), null (all or most 

hypotheses were not supported), or mixed (representing the rest). These authors reported 

that when null findings were reported that 10 out of 48 (20.8%) null results were published, 

while 56 out of 91 (61.5%) studies categorised as strong statistically were published within 

an academic journal. A recent study into the potential prevalence of publication bias within 

sports science publications, specifically within the Journal of Sports Science (JSS), found 

that there was some indication of this phenomenon (Mesquida et al., 2023). The 

consequence of this in publication terms is a likely increase in false positive reporting 

(Wacholder et al., 2004) or the probability that a published significant finding is actually a 

Type I error (Mesquida et al., 2023). Twomey et al. (2021) reported that approximately 70% 

of studies published within three sports science journals (including Medicine and Science 

in Sports and Exercise (MSSE), the European Journal of Sport Science (EJSS) and the 

Journal of Science and Medicine in Sport (JSAMS)) reported significant findings. This is in 
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agreement with Mesquida et al. (2023) who observed that 73% of studies published 

reported significant findings. 

Additionally, the physiological response to external load was not investigated, 

therefore no information on internal load or response is reported in this thesis. The collection 

of internal loads (i.e., heart rate response) is challenging within collision-based team sports 

such as rugby league due to the anatomical location of traditional heart rate monitors. 

Indeed, World Rugby, the governing body for rugby union, does not permit the use of chest-

worn heart rate monitors during official matches. Nonetheless, there is a need to understand 

dose-response by measuring an athlete’s internal load, and the production of commercially 

available integrated heart rate GPS vests which do not require a chest-worn monitor may 

enable the collection of player heart rate data during matches.   

 
7.4 Practical Applications 

A range of practical applications are presented below: 

• All positional groups within international rugby league registered greater average 

speed in defence when compared to attack, however; all positional groups complete 

greater high-speed running average speed in attack compared to defence. Such 

detail has implications for planning and prescribing training and preparation activities 

to address these facets of performance (i.e. attack and defence phases of play). 

• Practitioners can confidently estimate the peak characteristics of international rugby 

league match-play using the equation provided in Chapter 4. This will allow 

practitioners to ensure that training drills and conditioning sessions are providing 

adequate stimulus thus preparing players for peak characteristics of match-play by 

providing specific insights to the most physically demanding periods of play. 

• Match duration reduced for outside backs and fullbacks; average speed and 

average acceleration increased for adjustables, outside backs and fullbacks within 

Super League season 2019. The number of missed tackles increased within Super 

League season 2019 for all positional groups. Coaches and support staff should be 

aware of the effects of rule changes on duration, locomotor characteristics and 

match events and review their preparation strategies where appropriate.  

• Governing bodies should be aware that rule changes can be effective in increasing 

the speed of matches and consider regular review of competition laws at all levels 

of competition. 

• Understanding the exposure and frequency of tackle events, ball carries, and tackler 

involvements is paramount for practitioners to adequately prepare players to the 

characteristics of the rugby league match-play. 
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• Large between-position variability in peak tackles, carries, and tackler involvements 

indicates players in different positional groups should have bespoke training, playing 

and recovery schedules. 

• Given the stable between-match variability within a positional group, practitioners 

should monitor for meaningful increases and decreases in tackle event exposure 

between matches and plan subsequent training accordingly.  

• Total number of tackles, carries, and tackler involvements were significantly greater 

in season 2020b than season 2014 to 2019 which may be a consequence of rule 

changes introduced to the sport ahead of competitive return following COVID-19 

restrictions. 

 
7.5 Recommendations for Future Research  

The findings of this thesis emphasise the importance of further research on understanding 

the longitudinal evolution of rugby league match characteristics including the effects of rule 

changes applied during and between seasons. Future studies should focus on identifying 

why rule changes are merited, what rules are deemed necessary to be changed, and how 

the amendments which are imposed effect on-field outcomes. Understanding why, what 

and how rule changes effect performance outcomes and risk of injury could lead to 

improvements in training regimes and more effective injury risk reduction strategies. In order 

advance the knowledge base of international rugby league match characteristics, it is 

recommended that multiple nations participating within elite competition should collaborate 

on larger scale projects. This would increase degrees of freedom and allow more in-depth 

analysis including successful versus unsuccessful participants and a more granular level of 

positional categories. Furthermore, considering data from additional international 

competitions (e.g., 4 Nations) could prove to be a useful exercise, as the differences 

between types of international competition is yet to be established.  

 The frequency of collisions is established and discussed thoroughly in Chapter 5 

and Chapter 6 however the magnitude of collisions remains unknown. One method to 

contextualise the magnitude of player collisions, specifically at the head, is in the form of 

head acceleration magnitudes and exposures which has the potential to be achieved using 

instrumented mouthguards (Tierney et al., 2021). Although this method of collision 

quantification remains in its infancy, instrumented mouthguards have been shown to provide 

good reliability (Jones et al., 2022) and it is therefore recommended that large scale projects 

utilising data obtained from multiple teams wearing instrumented mouthguards are 

undertaken in order to understand player head accelerations. 
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 Most literature utilising player positional data derived using GNSS reports number 

of satellites and HDOP. However, future research within sports science should look to better 

understand the consequences that multipathing may have upon the quality of wearable 

derived GNSS data. The emergence of real-time kinematics within the context of athlete 

tracking may provide substantially more accurate positional based GNSS tracking data 

(Waqar et al., 2020), however whether this technology is able to mitigate the effects of 

multipathing remains unknown and should be the topic of future investigation. 

 Finally, rugby league appears to review and modify rules on a regular (i.e., annual) 

basis therefore specific findings may appear outdated for practitioners once new rules are 

implemented. Evaluating the trends following rule changes helps policymakers understand 

the potential impact of new rules and may inform future decision making therefore ongoing 

research into their effects is recommended.  

 
7.6 Conclusions 

This thesis contributes a deeper understanding of the locomotor and collision characteristics 

of international and Super League rugby league and their associated variability, as well 

reporting the methodological quality of research investigating the effects of rule changes 

within football-code teams sports. This thesis built upon previous research by investigating 

and describing the variability specifically of tackles, ball carries and tackler involvements 

using over 1,000,000 tackle events over a seven-year period. 

 Data collected and analysed from the 2017 RLWC revealed that forwards and backs 

displayed significantly lower average speed during attacking phases when compared to 

defensive phases, however the inverse was shown for high-speed running distance per 

minute. Analysis from the RLWC also revealed that forwards completed more collisions per 

minute when defending whereas backs completed more collisions per minute when 

attacking. There are distinct differences in locomotor and collision characteristics when 

attacking and defending during international rugby league match-play, and these findings 

may be useful to plan or evaluate training practices. 

 Previous research has demonstrated different competitions within professional 

rugby league to exhibit different match characteristics (Twist et al., 2014), therefore 

understanding the physical match-play characteristics of Super League competition 

specifically is important. Moreover, the generalisability of single team studies is limited and 

therefore league-wide data analysis may provide a more general overview of match 

characteristics. Using league-wide data collected from eleven participating teams over a 

three-year period in Super League competition, the evolution and changes in match 

characteristics were presented. Significant reductions in match duration and BIP duration 
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were observed for adjustables and backs in season 2019 when compared to 2018. Although 

duration reduced, adjustables reported increased average speed suggesting that recovery 

time between bouts reduced. This phenomenon may have contributed to the increase in 

missed tackles also reported by this positional group. When comparing season 2020a and 

2020b, all positional groups experienced reduced average speed and average acceleration. 

Forwards experienced an increased number of tackles and carries, adjustables experienced 

an increased number of carries, and backs experienced an increased number of missed 

tackles when comparing these variables between season 2020a and 2020b. When analysing 

specific match events, props reported the greatest number of tackle events whilst wingers 

and fullbacks reported the least. There is large between-position variability in peak tackle 

events, ball carrier events, and tackler involvements which suggests that coaches should 

separate players into positional groups and prescribe training accordingly. Total number of 

tackle events, ball carrier events, and tackler involvements were significantly greater in 

season 2020b when compared to season 2014 to 2019 (inclusive). Rule changes introduced 

between seasons and more recently in response to COVID-19 restrictions may have 

contributed to changes in match-play characteristics.  

 Rule changes are introduced within football-code team sports with the objective of 

improving performance, enhancing player welfare, and making contests more appealing to 

spectators. The volume of research in the area of rule changes within football codes is 

increasing with 2022 producing the most publications in a single calendar year, yet the pool 

of evidence appears to be at high risk of bias. Ongoing evaluation of rule changes within 

football-code team sports is important since they may result in unintended consequences. 

It is imperative that future studies analysing rule changes within football codes account for 

confounding factors by implementing suitable study designs and statistical analysis 

techniques.  

 Overall, this thesis provides coaches, researchers and players with locomotor and 

collision match-play characteristics specifically related to international rugby league and 

Super League competition. This thesis also provides these stakeholders with novel insights 

into the frequency and variability of contact specific events (i.e., tackle events, ball carry 

events, and tackler involvements) during Super League matches. Additionally, it provides 

research-practitioners with guidance on enhancing the impact of research in applied sport 

science settings, most specifically in relation to future research related to rule changes 

within football codes. 
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Appendix 1: Project Super League - Catapult: RLWC Ethics Research Application. 
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Appendix 2: Project Super League - Catapult: Group Ethics Research Application. 
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Appendix 3a: Project Super League - Catapult: Individual Ethics Research 
Application. 
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Appendix 3b: Project Super League - Catapult: Consent from National Governing 
Body. 
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Appendix 4: Supplementary Materials  

Chapter 3 

Supplementary Material 3.1: Search Strategy 

 

PubMed Search 

 

(rule[tiab] OR rules[tiab] OR ‘rule change’[tiab] OR ‘rule changes’[tiab] OR ‘rule 

modification’[tiab] OR ‘rule modifications’[tiab] OR ‘rule amendment’[tiab] OR ‘rule 

amendments’[tiab] OR ‘rule manipulation’[tiab] OR ‘rule manipulations’[tiab] OR ‘rule 

variation’[tiab] OR ‘rule variations’[tiab] OR law[tiab] OR laws[tiab] OR ‘law change’[tiab] OR 

‘law changes’[tiab] OR ‘law modification’[tiab] OR ‘law modifications’[tiab] OR ‘law 

amendment’[tiab] OR ‘law amendments’[tiab] OR ‘law manipulation’[tiab] OR ‘law 

manipulations’[tiab] OR ‘law variation’[All Fields] OR ‘law variations’[tiab]) AND (rugby[tiab] 

OR ‘rugby league’[tiab] OR ‘rugby union’[tiab] OR ‘rugby 7s’[tiab] OR ‘Gaelic football’[tiab] 

OR football[tiab] OR soccer[tiab] OR ‘Australian Rules Football’[tiab] OR AFL[tiab]) AND 

(match[tiab] OR matches[tiab] OR game[tiab] OR games[tiab] OR fixture[tiab] OR 

fixtures[tiab] OR competition[tiab] OR competitions[tiab]) 

 

EBSCO Host – CINAHL, MEDLINE AND SPORTDiscus 

 

S1: 

((TI ‘rule’ OR AB ‘rule’) OR (TI ‘rules’ OR AB ‘rules’) OR (TI ‘rule change’ OR AB ‘rule 

change’) OR (TI ‘rule changes’ OR AB ‘rule changes’) OR (TI ‘rule modification’ OR AB ‘rule 

modification’) OR (TI ‘rule modifications’ OR AB ‘rule modifications’) OR (TI ‘rule 

amendment’ OR AB ‘rule amendment’) OR (TI ‘rule amendments’ OR AB ‘rule 

amendments’) OR (TI ‘rule manipulation’ OR AB ‘rule manipulation’) OR (TI ‘rule 

manipulations’ OR AB ‘rule manipulations’) OR (TI ‘rule variation’ OR AB ‘rule variation’) OR 

(TI ‘rule variations’ OR AB ‘rule variations’) OR (TI ‘law’ OR AB ‘law’) OR (TI ‘laws’ OR AB 

‘laws’) OR (TI ‘law change’ OR AB ‘law change’) OR (TI ‘law changes’ OR AB ‘law changes’) 

OR (TI ‘law modification’ OR AB ‘law modification’) OR (TI ‘law modifications’ OR AB ‘law 

modifications’) OR (TI ‘law amendment’ OR AB ‘law amendment’) OR (TI ‘law amendments’ 

OR AB ‘law amendments’) OR (TI ‘law manipulation’ OR AB ‘law manipulation’) OR (TI ‘law 

manipulations’ OR AB ‘law manipulations’) OR (TI ‘law variation’ OR AB ‘law variation’) OR 

(TI ‘law variations’ OR AB ‘law variations’)) AND  
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S2: 

((TI ‘rugby’ OR AB ‘rugby’) OR (TI ‘rugby league’ OR AB ‘rugby league’) OR (TI ‘rugby union’ 

OR AB ‘rugby union’) OR (TI ‘rugby 7s’ OR AB ‘rugby 7s’) OR (TI ‘Gaelic football’ OR AB 

‘Gaelic football’) OR (TI ‘football’ OR AB ‘football’) OR (TI ‘Soccer’ OR AB ‘soccer’) OR (TI 

‘Australian Rules Football’ OR AB ‘Australian Rules Football’) OR (TI ‘AFL’ OR AB ‘AFL’))) 

AND 

 

S3: 

((TI ‘match’ OR AB ‘match’) OR (TI ‘matches’ OR AB ‘matches’) OR (TI ‘game’ OR AB 

‘game’) OR (TI ‘games’ OR AB ‘games’) OR (TI ‘fixture’ OR AB ‘fixture’) OR (TI ‘fixtures’ OR 

AB ‘fixtures’) OR (TI ‘competition’ OR AB ‘competition’) OR (TI ‘competitions’ OR AB 

‘competitions’)) 

 

(S1 AND S2 AND S3) 

 

Scopus 

 

#1 (TITLE-ABS-KEY((rule OR rules OR "rule change" OR "rule changes" OR "rule 

modification" OR "rule modifications" OR "rule amendment" OR "rule amendments" OR 

"rule manipulation" OR "rule manipulations" OR "rule variation" OR "rule variations" OR law 

OR laws OR "law change" OR "law changes" OR "law modification" OR "law modifications" 

OR "law amendment" OR "law amendments" OR "law manipulation" OR "law 

manipulations" OR "law variation" OR "law variations")) AND  

 

#2 TITLE-ABS-KEY(("rugby" OR "rugby league" OR "rugby union" OR "rugby 7s" OR 

"Gaelic football" OR "football" OR "soccer" OR "Australian Rules Football" OR "AFL")) AND  

 

#3 TITLE-ABS-KEY((match OR matches OR game OR games OR fixture OR fixtures OR 

competition OR competitions)))
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Supplementary Material 3.2: Soccer 

Study 

Study Overview 
1. Participant 
Framework (McKay 

et al., 2022)  
2. Multi-team  
3. Competition 
Characteristics 
4. Data Overview 
5. Study 
Category 
6. Study Design 

Study Aim(s) Original Rule(s) New Rule(s) 
Outcome 
measures 

Key Findings 

Augste 

and 

Cordes 

(Augste 

and 

Cordes, 

2016) 

1. Tier 5 

2. Yes 

3. FIFA World Cup 

4. Video notational 

analysis from 32 

matches of FIFA 

World Cups 

5. Physical 

performance and 

match-play 

characteristics 

6. Retrospective 

- The effect of 

law changes 

(i.e., the 

transport of 

injured players 

off the field; the 

use of 

vanishing 

spray) upon 

the duration of 

interruption. 

- Referee pace 

10 yards from 

location of free 

kick and instruct 

defending 

players not to 

encroach (2006). 

 

- Injured player 

must be removed 

from the field 

(2006). 

- 2014: Use of 

vanishing foam 

spray to mark the 

10-yard distance 

from the location 

of the free kick. 

 

- 2014: Injured 

player remained 

on the field to 

receive 

treatment. 

- Number and 

duration of 

stoppages (min) 

- Percentage of 

play stopped 

- Additional time 

(min) 

- Gross and net 

playing time (min) 

- Throw-in, free 

kick, goal kick, 

corner kick, kick-

off, penalty, drop 

ball stoppages 

- Injury with and 

without medical 

intervention 

- Substitutions 

- Increase (p < 0.001) in mean duration (s) of all stoppages (2006: 20.4 ± 

18.0 vs. 2014: 23.1 ± 21.8). 

 

- Increase (p = 0.03) in free kick duration (s) in the attacking zone (2006: 

54.9 ± 20.4 vs. 2014: 70.1 ± 20.5). 

 

- Increase (p = 0.014) in the duration (s) to resume match-play following 

medical attention (2006: 82.8 ± 25.5 vs. 2014: 99.3 ± 29.7). 
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Study 

Study Overview 
1. Participant 
Framework (McKay 

et al., 2022)  
2. Multi-team  
3. Competition 
Characteristics 
4. Data Overview 
5. Study 
Category 
6. Study Design 

Study Aim(s) Original Rule(s) New Rule(s) 
Outcome 
measures 

Key Findings 

- Goals 

Ayabe et 

al. (Ayabe 

et al., 

2023) 

 

1. Tier 4 

2. Yes 

3. Japanese (J-

League) 

4. Analysed official 

public data provided 

and authorised by 

the J-League from 

106 matches 

5. Physical 

performance and 

match-play 

characteristics 

6. Retrospective 

- The effects of 

the number of 

substitutes 

during a match 

on tracking 

data of 

professional 

football 

players.  

- Pre rule 

change: 3 

substitutions 

permitted. 

 

 

 

- Post rule 

change: 5 

substitutions 

permitted. 

- Playing time 

(mins) 

- Total distance 

(km) 

- Number of 

sprints 

- Average speed 

(km∙h-1) 

 

Players grouped 

according to 

playing time: full 

match (‘Starters’), 

replaced during 

match 

(‘Replaced’), and 

substitutes during 

match 

(‘Substitutes’). 

- Effect of 5 permitted substitutes (p < 0.001, Bonferroni 5<4<3<2 subs) 

on playing time (min) for ‘All players’ (5 subs: 60.1 ± 31.5 vs. <2 subs: 

76.4 ± 26.2 vs. 3 subs: 69.3 ± 3 0.5 min vs. 4 subs: 64.3 ± 31.8,).  

- Effect of 5 permitted substitutes (p < 0.001, Bonferroni 5<3, 4 subs) on 

playing time (min) for ‘Replaced’ players (5 subs: 70.1 ± 13.2 vs. <2 subs: 

71.4 ± 12.1 vs. 3 subs: 72.8 ± 12.4 min vs. 4 subs: 72.1 ± 12.5). 

- Effect of 5 permitted substitutes (p < 0.001, Bonferroni 3, 4<5 subs) on 

playing time (min) for ‘Substitute’ players (5 subs: 19.9±13.1 vs. <2 subs: 

18.6 ± 11.4 vs. 3 subs: 17.4 ± 12.4 min vs. 4 subs: 17.9 ± 12.4). 

 

- Effect of 5 permitted substitutes (p < 0.001, Bonferroni 5<4<3<2 subs) 

on total distance (km) for ‘All Players’ (5 subs: 7.4 ± 3.6 vs. <2 subs: 9.1 ± 

3.0 vs. 3 subs: 8.3 ± 3.4 vs. 4 subs: 7.9 ± 3.6). 

- Effect of 5 permitted substitutes (p < 0.001, Bonferroni 3<4, 5 subs) on 

total distance (km) for ‘Starters’ (5 subs: 10.8 ± 1.0 vs. <2 subs: 10.6 ± 

0.9 vs. 3 subs: 10.6 ± 0.9 vs. 4 subs: 10.7 ± 1.0). 

- Effect of 5 permitted substitutes (p < 0.001, Bonferroni 5<3, 4 subs) on 

total distance (km) for ‘Replaced’ players (5 subs: 8.4 ± 1.6 vs. <2 subs: 

8.5 ± 1.6 vs. 3 subs: 8.6 ± 1.5 vs. 4 subs: 8.6 ± 1.6). 
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Study 

Study Overview 
1. Participant 
Framework (McKay 

et al., 2022)  
2. Multi-team  
3. Competition 
Characteristics 
4. Data Overview 
5. Study 
Category 
6. Study Design 

Study Aim(s) Original Rule(s) New Rule(s) 
Outcome 
measures 

Key Findings 

- Effect of 5 permitted substitutes (p < 0.001, Bonferroni 3, 4<5 subs) on 

total distance (km) for ‘Substitute’ players (5 subs: 3.0 ± 1.5 vs. <2 subs: 

2.8 ± 1.3 vs. 3 subs: 2.7 ± 1.4 vs. 4 subs: 2.7 ± 1.4). 

 

- Effect of 5 permitted substitutes (p < 0.001, 5<4<3<2 subs) on number 

of sprints for ‘All Players’ (5 subs: 11.4 ± 7.4 vs. <2 subs: 13.7 ± 8.0 vs. 3 

subs: 12.4 ± 7.5 vs. 4 subs: 12.2 ± 7.6). 

- Effect of 5 permitted substitutes (p < 0.05, 3<4 subs) on number of 

sprints for ‘Starters’ (5 subs: 15.0 ± 7.0 vs. <2 subs: 15.5 ± 7.8 vs. 3 subs: 

14.8 ± 7.1 vs. 4 subs: 15.3 ± 7.2). 

- Effect of 5 permitted substitutes (p < 0.05, Bonferroni 5<4 subs) on 

number of sprints for ‘Replaced’ players (5 subs: 13.7 ± 6.7 vs. <2 subs: 

13.8 ± 7.2 vs. 3 subs: 13.9 ± 6.5 vs. 4 subs: 14.3 ± 6.7).  

- Effect of 5 permitted substitutes (p < 0.05, Bonferroni 5<3 subs) on 

number of sprints for ‘Substitute’ players (5 subs: 5.5 ± 4.0 vs. <2 subs: 

5.6 ± 3.7 vs. 3 subs: 5.2 ± 3.7 vs. 4 subs: 5.3 ± 3.9). 

 

- Effect of 5 permitted substitutes (p < 0.001, 2<3, 4, 5 subs) on average 

speed (km.h-1) for ‘All Players’ (5 subs: 8.90 ± 5.70 vs. <2 subs: 7.90 ± 

4.20 vs. 3 subs: 8.50 ± 5.20 vs. 4 subs: 9.00 ± 6.30). 
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- Effect of 5 permitted substitutes (p < 0.001, 2 < 3 < 4 < 5 subs) on 

average speed (km.h-1) for ‘Starters’ (5 subs: 7.20 ± 0.70 vs. <2 subs: 

7.09 ± 0.61 vs. 3 subs: 7.09 ± 0.62 vs. 4 subs: 7.16 ± 0.64). 

- Effect of 5 permitted substitutes (p < 0.001, 3 < 4, 5 subs) on average 

speed (km.h-1) for ‘Replaced’ players (5 subs: 7.20 ± 0.70 vs. <2 subs: 

7.13 ± 0.59 vs. 3 subs: 7.11 ± 0.60 vs. 4 subs: 7.20 ± 0.65). 

- Effect of 5 permitted substitutes (p < 0.01, 5 < 4 subs) on average speed 

(km.h-1) for ‘Substitute’ players (5 subs: 12.30 ± 9.00 vs. <2 subs: 12.47 ± 

9.57 vs. 3 subs: 13.12 ± 9.38 vs. 4 subs: 13.59 ± 10.35). 

Bahamon

de-Birke 

and 

Bahamon

de-Birke 

(Bahamon

de-Birke 

and 

Bahamon

de-Birke, 

2022) 

1. Tier 4 

2. Yes 

3. UEFA and 

CONMEBOL 'Major 

Club Tournaments' 

4. Database 

consisting of 7,039 

matches played 

between 1988 and 

2018 in international 

major club 

- Analyse all 

major 

international 

football 

tournaments 

organised by 

UEFA and 

CONMEBOL 

during a period 

of 30 years to 

assess the 

- Pre-AGR: All 

goals were 

treated equally in 

multiple legs 

whether scored 

at home or away 

venue. 

- AGR: The AGR 

postulates that in 

case both teams 

score the same 

number of goals 

in the sum of 

both games, the 

team that has 

scored the 

largest amount of 

goals on the 

- Number of goals 

scored. 

- No significant effect of the AGR on average number of goals scored by 

teams playing away from home; pre-AGR 1.862 vs. AGR 1.761. 
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tournaments 

organised by 

CONMEBOL and 

UEFA 

5. Match scoring or 

points awarded 

6. Retrospective 

impact of the 

away goals 

rule (AGR). 

opposite team’s 

home field (i.e., 

playing away) 

would progress 

onto the next 

stage. 

Beaudouin 

et al. 

(Beaudoui

n et al., 

2020) 

1. Tier 4 

2. Yes 

3. Bundesliga 

(German Football) 

4. Injury data from 

18 teams (average 

of 570 players per 

season) in German 

Bundesliga 

encompassing the 

seasons 2000/01 to 

2012/13 

5. Injury incidence 

- Describe and 

assess 

circumstances 

immediately 

preceding head 

injuries in 

professional 

male football. 

- Investigate 

whether the 

rule change 

affected these 

circumstances. 

- NA - 2006/07: 

Intentional elbow 

to head strikes 

had 

subsequently to 

be penalised with 

a red card. 

- Action of the 

non-injured and 

injured player. 

- Foul referee 

decision. 

- Injured player 

aware of imminent 

impact. 

- Ball possession 

status at the time 

of the injury. 

- No reduction (p = 0.91) in the number of head injuries caused by raising 

the elbow to the head. 

 

2000/01 to 2005/06: 35 (24%)  

vs.  

2007/08 to 2012/13: 27 (23%). 
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and prevention 

6. Retrospective 

- Consequences 

of the head impact 

– bleeding. 

- On-pitch 

treatment. 

Beaudouin 

et al. 

(Beaudoui

n et al., 

2019) 

1. Tier 4 

2. Yes 

3. Bundesliga 

(German Football) 

4. Injury data from 

German Bundesliga 

encompassing the 

seasons 2000/01 to 

2012/13 

5. Injury incidence 

and prevention 

6. Retrospective 

- Describe the 

most common 

mechanisms 

leading to head 

injuries (in 

matches only) 

in elite male 

football 

players. 

- Measure the 

effect of the 

rule change in 

the 2006/07 

season on 

head injuries. 

- NA - 2006/07: 

Intentional elbow 

to head strikes 

had 

subsequently to 

be penalised with 

a red card. 

Incidence rates 

per 1000 match 

hours and time 

loss of: 

- Total head 

injuries 

- Concussions/ 

traumatic brain 

injuries 

- Facial/ head 

fractures 

- Lacerations/ 

abrasions 

- Head contusions 

- Reduction (p = 0.002) in incidence rate (per 1000 match hours) of total 

head injuries in the period 2007/08 to 2012/13. 

 

2000/01 to 2005/06: 0.67 (0.52 to 0.88)  

vs.  

2007/08 to 2012/13: 0.48 (0.34 to 0.66).  
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- Other head 

injuries 

 

2000/2001 to 

2005/2006 vs. 

2007/2008 to 

2012/2013 

seasons.  

Butler and 

Butler 

(Butler 

and Butler, 

2017) 

1. Tier 3 

2. Yes 

3. League of Ireland 

4. Goals scored from 

8.655 individual 

match observations 

in League of Ireland 

from 1970 to 2014 

5. Match scoring or 

points awarded 

6. Retrospective 

 

- Explore how 

three different 

points systems, 

the introduction 

of a new 

division, and 

the switch to a 

single calendar 

year league 

affected the 

number of 

- Pre-1981/82: 

Two points 

awarded for a 

win (2pfaw), one 

point awarded for 

a draw. 

 

- 1981/82: Three 

points awarded 

for a home win, 

one point 

awarded for a 

- 1981/82: Three 

points awarded 

for a home win, 

one point 

awarded for a 

home draw, four 

points awarded 

for an away win, 

and two points 

awarded for an 

away draw. 

 

Number of 

- Games 

- Clubs in Division 

‘A’ 

- Goals scored. 

- No changes in the number of goals scored over a 45 season period in 

the League of Ireland. 
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goals scored in 

the league. 

home draw, four 

points awarded 

for an away win, 

and two points 

awarded for an 

away draw. 

 

- 1983/84-

1992/93: Two 

points awarded 

for a win, one 

point awarded for 

a draw. 

 

- Pre-1985/86: 

One league 

existed (Division 

A) containing 22 

teams- Pre-

2002/03: Season 

- 1982/83: Three 

points awarded 

for a win, one 

point awarded for 

a draw. 

 

- 1993/94: Three 

points awarded 

for a win (3pfaw) 

 

- 1985/86: First 

Division 

inaugurated (10 

teams) and 

Premier Division 

developed (12 

teams). 

 

- 2002/03: 

Season began in 
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typically began in 

August and 

concluded in 

May. 

March and 

concluded in 

November. 

Dalton et 

al. (Dalton 

et al., 

2015) 

1. Tier 5 

2. Yes 

3. World Cup and 

European 

Championships 

4. Data extracted 

from results 

published on FIFA 

and UEFA websites 

5. Match scoring or 

points awarded 

6. Retrospective 

- Evaluate the 

success rates 

of penalties 

taken during 

both match 

play and 

penalty 

shootouts after 

1997 only, and 

to determine 

the importance 

of the penalty 

kick in post 

1997 football. 

- Pre-1997: 

Goalkeepers 

were required to 

remain still until 

the ball was 

struck during a 

penalty kick. 

- Post-1997: 

Goalkeepers 

permitted to 

move laterally 

along their line 

during a penalty 

kick. 

- Number of 

penalty kicks 

awarded. 

- Penalty kick 

conversation rate. 

- Reduced conversion of penalty kicks following rule change. 

 

- Pre-1997: Penalty kick conversion rate during match-play of 74.25% to 

82.5%.  

 

- Post-1997: Penalty kick conversion rate during match-play of 68%. 
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García-

Aliaga et 

al. 

(García-

Aliaga et 

al., 2023) 

1. Tier 4 

2. Yes 

3. LaLigaTM 

SmartBank” teams 

(Spanish 

second division) 

4. 1077 players 

performance reports 

extracted from 

LaLigaTM database 

5. Physical 

performance and 

match-play 

characteristics 

6. Retrospective 

 

- Assess the 

impact of rule-

induced 

physical 

demands in 

football, 

focusing on 

substitution 

rules (including 

changes due to 

COVID-19) and 

analysing the 

impact of 

substitutions 

on player 

performance, 

with the aim to 

maintain the 

rule in the 

future to attract 

- 2019: 3 

substitutions 

permitted. 

 

 

 

- 2020: 5 

substitutions 

permitted. 

- Number of 

substitutions made 

- Total distance 

(m) 

- Total distance 

14-21, 21-24, >24 

km/h (m) 

- Total sprints 21-

24 and >24 km/h. 

- Max speed 

(km/h) 

- Increase (p < 0.001) in number of substitutions made following the 2020 

rule change (2019: 2.94 ± 0.30 vs. 2020: 4.58 ± 0.70). 

 

- Increase (p < 0.001) in total distance (m) for players in the Sub 46-60 

min group following the 2020 rule change (Whole game: 10,105 ± 862 vs. 

Sub 46-60: 10,760 ± 762). 

  

- Increase (p < 0.001) in distance at 14 to 21 km∙h-1 (m) for players in the 

Sub 46-60 min group (Whole game: 2008: 20 ± 5156 vs. Sub 46-60: 

2412± 461.28). 

 

- Increase (p < 0.001) in very high intensity distance 21 to 24 km∙h-1 (m) 

for players in the Sub 46-60 min group (Whole game: 252 ± 99 vs. Sub 

46-60: 314 ± 107). 

 

- Increase (p < 0.05) in sprint distance >24 km∙h-1 (m) for players in the 

Sub 46-60 min group (Whole game: 227 ± 141 vs. Sub 46-60: 279 ± 150). 
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the interest of 

the spectator 

with more 

intense efforts 

in the game. 

Guedes 

and 

Machado 

(Guedes 

and 

Machado, 

2002) 

1. Tier 4 

2. Yes 

3. Various soccer 

teams 

4. Number of goals 

and offensive moves 

sourced from 

“Infordesporto” from 

Portuguese first 

division 

5. Match scoring or 

points awarded 

6. Retrospective 

- Assess, both 

theoretically 

and empirically, 

whether FIFA’s 

new point rule 

has changed 

soccer towards 

a more 

offensive 

game, in which 

teams adopt 

more risky 

strategies. 

- Pre-1994/95: 

Two points 

awarded for a 

win, one point 

awarded for a 

draw. 

- 1995/96: Three 

points awarded 

for a win, one 

point awarded for 

a draw. 

- Accumulated 

points 

- Number of 

seasons in 

European Cup 

- Number of 

seasons in 1st 

Division 

- Number of 

matches 

- Number of 

favourite wins 

- Number of draws 

and goalless 

draws 

- Increase (p = 0.0055) in offensive moves when 3 vs. 2 points awarded 

for a win (2pfaw: 69.4 vs. 3pfaw: 71.6). 

 

- Increase (p = 0.0855) in goals scored per match for favourites when 3 

vs. 2 points awarded for a win (2pfaw: 1.64 vs. 3pfaw: 1.86). 

 

- Increase (p = 0.025) in offensive moves per match for underdogs when 

3 vs. 2 points awarded for a win (2pfaw: 27.1 vs. 3pfaw 28.5). 
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- Number of goals 

(total, favourites, 

underdogs) 

- Number of 

offensive moves 

(total, favourite, 

underdogs)  

Kobal et 

al. (Kobal 

et al., 

2022) 

1. Tier 4 

2. No 

3. National Brazilian 

Championships 

4. Data sourced 

from 38 official 

league matches in 

National Brazilian 

Championships via 

“Instat”. 

5. Physical 

performance and 

match-play 

- Compare the 

effect of the 

number of 

substitutions 

on recovery 

status and the 

physical and 

technical 

performance in 

elite women 

soccer players. 

- 2019: 3 

substitutions 

permitted. 

- 2020: 5 

substitutions 

permitted. 

- Rating of 

perceived exertion 

(RPE) 

- Workload-RPE 

- Total quality 

recovery score 

- Lower (p < 0.001) RPE in 2020 following rule change (2019: 8.1 ± 0.8 

vs. 2020: 6.7 ± 0.7). 

 

- Reduced (p < 0.001) training load RPE in 2020 following rule change 

(2019: 623 ± 85 vs. 2020: 441 ± 53). 

 

- Greater (p = 0.008) total quality recovery score in 2020 following rule 

change (2019: 13.1 ± 0.8 vs. 2020: 13.9 ± 0.5). 
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characteristics 

6. Retrospective 

Kula et al. 

(Kula et 

al., 2022) 

1. Tier 4 

2. Yes 

3. Three Turkish 

First Division soccer 

clubs 

5. Match scoring or 

points awarded 

4. Data extracted 

from 61 seasons of 

Turkish First Division 

soccer from Turkish 

Football Federation 

website 

6. Retrospective 

 

- Analyse the 

effects of the 

three-point rule 

on the Turkish 

Football 

League teams 

using an 

econometric 

methodology 

(Markov-

Regime 

Change 

Model). 

- Two points 

awarded for a 

win, one point 

awarded for a 

draw. 

 

 

 

- Three points 

awarded for a 

win, one point 

awarded for a 

draw. 

- The 

implementation 

of the three-point 

system in Turkey 

started in the 

1987/88 season. 

- Number of goals 

scored  

- Increase (p = 0.001) in the number of goals following the introduction of 

the 3 points for a win rule (Galatasaray 2pfaw: 2.13 vs. 3pfaw: 3.01; 

Fenerbahce 2pfaw: 2.05 vs. 3pfaw: 3.09; Besiktas 2pfaw: 1.90 vs. 3pfaw 

2.86). 

Meyer and 

Klatt 

(Meyer 

1. Tier 4 

2. Yes 

3. Multiple UEFA 

- Analyse the 

effects of the 

additional 

- 2018/19: 3 

substitutions 

permitted. 

2020/21: 5 

substitutions 

permitted. 

- Timing of 

substitution 

- Increase (rISC = 45.52%) in average number of substitutions (2018/19: 

2.90 vs. 2020/21: 4.22). 
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and Klatt, 

2023) 

soccer clubs 

4. Data extracted 

from top five UEFA 

leagues (3652 

national league and 

659 UEFA club 

competition 

matches) with those 

that introduced the 

rule change 

compared to English 

Premier League 

5. Physical 

performance and 

match-play 

characteristics 

6. Retrospective 

substitutions 

on the timing of 

substitutions 

(i.e., tactical 

component) of 

matches. 

- Analyse the 

effects of 

additional 

substitutions 

on player 

relative load 

reduction. 

- Number of 

substitutions 

- Relative load 

reduction 

 

rISC: Relative 

increase of 

substitution 

contingent 

 

ILR: Increase of 

load reduction 

- Earlier (p < 0.001) substitution number 1 (2018/19: 58.58 [SE=0.27] vs. 

2020/21: 56.90 [SE=0.30])  

 

- Earlier (p < 0.001) substitution number 2 (2018/19: 71.88 [SE=0.29] vs. 

2020/21: 66.75 [SE=0.30]) 

 

- Earlier (p < 0.001) in timing of substitution number 3 (2018/19: 82.14 

[SE=0.13] vs. 2020/21: 74.03 [SE=0.31]) 

 

- Increase (ILR = 45.69%) in relative load reduction (2018/19: 6.29% vs. 

2020/21: 9.16%). 

Meyer and 

Klatt 

(Meyer 

1. Tier 4 

2. Yes 

3. German Football 

- Determine 

whether an 

additional 

- Bundesliga: 3 

substitutions 

allowed in 

- U19-Bundesliga 

West: 4 

substitutions 

- Number of 

substitutions 

- Player load 

- Increase (rISC = 25.87%) in number of substitutions made when an 

additional substitution is permitted (‘3 Subs’: 2.86 vs. ‘4 Subs’: 3.60). 
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and Klatt, 

2021) 

(Bundesliga vs. 

U19-Bundesliga 

West) 

4. Data presented 

from 306 Bundesliga 

and 182 U19-

Bundesliga from 

official DFB match 

database 

5. Physical 

performance and 

match-play 

characteristics 

6. Retrospective 

substitution 

would lead to 

(a) greater 

tactical 

influence of 

coaches on the 

match, (b) load 

reduction 

during one 

match, and (c) 

load reduction 

during one 

season. 

regular time. 

 

allowed in 

regular time. 

- Increase (ILR = 49.63%) in relative load reduction when an additional 

substitution is permitted (‘3 Subs’: 6.79% vs. ‘4 Subs’: 10.15%). 

Oliveira et 

al. 

(Oliveira 

et al., 

2021) 

1. Tier 5 

2. Yes 

3. FIFA World Cup 

4. Data obtained 

online from 116 FIFA 

World Cup matches 

- Verify 

whether the 

implementation 

of the VAR 

influenced 

disciplinary 

- 2014 FIFA 

World Cup: No 

VAR used. 

- 2018 World 

Cup: VAR used 

(VAR is a 

technological 

apparatus that 

enables referees 

- Individual player 

sprints  

- Total team 

sprints  

- Total distance 

(m) per player  

- Reduction (p < 0.001) in individual player sprints at 2018 WC (2014 WC: 

35.91±5.51 vs. 2018 WC: 32.70±4.24). 

 

- Reduction (p < 0.001) in total team sprints at 2018 WC (2014 WC: 361 ± 

55 vs. 2018 WC: 328 ± 43). 
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5. Physical 

performance and 

match-play 

characteristics 

6. Retrospective 

sanctions as 

well as the 

physical and 

technical 

performance of 

the teams 

participating in 

the 2018 FIFA 

World Cup, 

when 

compared to 

the previous 

edition (2014), 

in which the 

VAR was not 

used. 

to review their 

decisions on 

video, and its 

utilisation is only 

allowed in 

situations 

involving goals, 

penalties, red 

card incidents 

and 

administrative 

affairs). 

- Number of 

passes 

- Percentage of 

accurate passes 

- Number of 

offsides, fouls, red 

cards, penalties, 

yellow cards  

- Match duration  

- Increase (p < 0.001) in distance (m) covered per player at 2018 WC 

(2014 WC: 9240 ± 745 vs. 2018 WC: 10032 ± 466). 

 

- Reduction (p = 0.002) in passes at 2018 WC (2014 WC: 503 ± 110 vs. 

2018 WC: 450 ± 139). 

 

- Increase (p < 0.001) in percentage of accurate passes at 2018 WC 

(2014 WC: 75 ± 6 vs. 2018 WC: 83 ± 6). 

 

- Reduction (p = 0.016) in offside frequency at 2018 WC (2014 WC: 2.04 

± 1.99 vs. 2018 WC: 1.36 ± 1.22). 

 

- Reduction (p = 0.038) in foul frequency at 2018 WC (2014 WC: 14.58 ± 

4.76 vs. 2018 WC: 13.41 ± 4.32). 

 

- Reduction (p = 0.027) in red cards at 2018 WC (2014 WC: 0.08 ± 0.27 

vs. 2018 WC: 0.02 ± 0.13). 

 

- Increase (p = 0.030) penalty frequency at 2018 WC (2014 WC: 0.11 ± 

0.31 vs. 2018 WC: 0.24 ± 0.52). 
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- Increase (p = 0.031) in yellow card frequency at 2018 WC (2014 WC: 

1.33 ± 0.90 vs. 2018 WC: 1.70 ± 1.24). 

 

- Increase (p < 0.001) in total match time (mins) at 2018 WC (2014 WC: 

95.45 ± 1.31 vs. 2018 WC: 97.03 ± 1.4). 

Ribeiro et 

al. 

(Ribeiro et 

al., 2020) 

1. Tier 3 

2. Yes 

3. São Paulo Junior 

Football Cup 

4. Official match 

report summary of 

the tournament and 

the match statistics 

were taken from the 

public website of 

http://www.futebolpa

ulista.com.br 

5. Physical 

performance and 

- Analyse the 

effects of the 3- 

and 6-

substitution 

rule and 

qualification 

round on 

substitution 

pattern, game 

statistics, win 

rate, and 

winning 

probability 

- ‘3-subs’: 3 

substitutions 

permitted. 

- ‘6-subs’: 6 

substitutions 

permitted. 

- Effective playing 

time (min/per 

match). 

- Score (per 

match) 

- Fouls committed 

(per match). 

- Yellow cards (per 

match. 

- Red cards (per 

match. 

- No significant effects reported for playing time, score or red cards per 

match. 
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match-play 

characteristics 

6. Retrospective, 

descriptive 

Shibukaw

a and 

Hoshikaw

a 

(Shibukaw

a and 

Hoshikaw

a, 2022) 

1. Tier 4 

2. Yes 

3. Japanese J-

League 

4. Data 

commercially 

obtained from 

JSTATS 

(Datastadium Inc., 

Tokyo, Japan), the 

official statistics 

keeper of J1-

League, to analyse 

data. 

5. Injury incidence 

and prevention 

- Examine 

whether the 

rule revision 

reduced the 

frequency of 

aerial 

challenge and 

long goal kicks, 

which are risk 

factors for 

head injury and 

concussion in 

soccer. 

- Pre-

2019: Players 

other than the 

kicker had to be 

outside the 

penalty area and 

touch the ball to 

resume play after 

a goal kick. 

- 2019: FIFA 

revised the goal 

kick rule such 

that a goal kick 

could be 

performed even if 

the kicker had 

teammates in the 

penalty area. 

- Number of total, 

short and long 

goal kicks  

- Number of fouls 

following goal 

kicks 

- Number of aerial 

duals following 

goal kicks 

- Reduction (p < 0.01) in total goal kicks in 2020 (2018: 17.71 ± 4.23 vs. 

2020: 16.54 ± 3.89). 

 

- Increase (p < 0.01) in short goal kicks in 2020 (2018: 3.51 ± 2.91 vs. 

2020: 7.69 ± 4.26). 

 

- Reduction (p < 0.01) in long goal kicks in 2020 (2018: 14.20 ± 4.69 vs. 

2020: 8.85 ± 3.97). 

 

- Reduction (p < 0.01) in fouls following goal kicks 2020 (2018: 0.51 ± 

0.79 vs. 2020: 0.26 ± 0.52). 

 

- Reduction (p < 0.01) in aerial challenges following goal kicks in 2020 

(2018: 6.08 ± 3.14 vs. 2020: 3.92 ± 2.47). 
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6. Retrospective 

Tarzi et al. 

(Tarzi et 

al., 2022) 

1. Tier 4 

2. Yes 

3. English Premier 

League 

4. Independent 

reviewers carefully 

watched video 

footage and 

collected information 

on the occurrence of 

HCEs per match5. 

Injury incidence and 

prevention 

6. Retrospective, 

Descriptive 

- Investigate 

the utilisation 

of additional 

permanent 

concussion 

substitutions in 

the EPL and 

analyse how 

the 

implementation 

of the 

additional 

permanent 

concussion 

substitutions 

rule has 

impacted the 

rates and 

duration of 

- Pre-2021: A 

substitution for a 

player whom 

experienced a 

head injury would 

count towards 

the regular 

substitution 

allowance during 

a match. 

- 2021: The EPL 

agreed to 

participate in the 

IFAB’s trial of 

additional 

permanent 

concussion 

substitutions in 

an initiative 

known as 

‘Protocol B’. 

Protocol B, which 

allows for two 

additional 

permanent 

concussion 

substitutions 

(APCS) per team 

per game, was 

- Head collision 

events per 1000 

hours 

- Rates of medical 

assessments 

- Duration of 

medical 

assessments 

- No significant difference in head collision events per 1000 hours (p = 

0.657), rates of medical assessment (p = 0.545), or duration (s) of 

medical assessment (p = 0.466) during Protocol B period. 
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medical 

assessment of 

head collision 

events. 

implemented by 

the EPL from 

Matchweek 23 

until the end of 

the 2020–2021 

season 

(Matchweek 38). 

Tok et al. 

(Tok et al., 

2017) 

1. Tier 3 

2. Yes 

3. Turkish Amateur 

League 

4. Six soccer teams 

in a U17 and U18 

league in Local 

Amateur League in 

Izmir-Turkey 

5. Physical 

performance and 

match-play 

characteristics 

- Evaluate the 

effect of a 

revised offside 

rule on the 

activity profile 

of players and 

the technical 

actions 

compared with 

matches 

played using 

the regular 

offside rule. 

- Original offside 

rule (OR): 

Attacking player 

can be played 

offside anywhere 

in the opponent 

half. 

- Revised offside 

rule (ROR): 

Divided the 

playing surface 

into equal thirds 

instead of 

traditional two 

halves with the 

attacking player 

only being offside 

in the opposition 

third, thereby 

increasing the 

- Total distance 

jogging, moderate 

and high-speed 

running distance 

(m) 

- Short and long 

passes 

- Feints 

- Shots 

- Offsides 

- Tackles 

- Goal position 

- Increase (p < 0.05) in total, walking and jogging distance (m) when ROR 

was implemented:  

 

Total distance OR: 8481 ± 622 vs. ROR: 8938 ± 432 

Walking distance OR: 4328 ± 321 vs. ROR: 4539 ± 220 

Jogging distance OR: 2224 ± 254 vs. ROR: 2328 ± 203 

 

- Increase (p < 0.05) in moderate-speed and high-speed running distance 

(m) when ROR was implemented:  

 

Moderate-speed running distance OR: 1215 ± 163 vs. ROR: 1315 ± 139 

High-speed running distance OR: 456 ± 66 vs. ROR: 515 ± 78). 
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6. Retrospective active area of 

play to two-thirds 

instead of one 

half. 

- Increase (p < 0.05) in long passes and feints when ROR was 

implemented (long passes OR: 398 ± 57 vs. ROR: 426 ± 63, feints OR: 

85.1±15.8 vs. ROR: 97.9±13).  

 

- Reduction (p < 0.05) in short passes when ROR was implemented (OR 

72 ± 22 vs. ROR 60 ± 10) 

 

- Reduction (p < 0.05) in offsides when ROR was implemented (OR 

9.7±3.6 vs. ROR 7.73±3.2, p < 0.05. 

 

Vaeyens 

et al. 

(Vaeyens 

et al., 

2005) 

1. Tier 2 

2. Yes 

3. Belgian Football 

4. Official match 

data for the second 

and third national 

division league 

games were 

collected from the 

official statistics 

- Examine 

whether semi-

professional 

and amateur 

soccer teams 

complied with 

the under-21 

rule. 

- Determine if 

the under-21 

- 1999/00: The 

Royal Belgian 

Football 

Association 

required national 

division teams to 

include at least 

two players 

younger than 21 

in their match 

- 2000/01: 

Under-21 rule 

modified to 

require a 

minimum match 

selection of two 

players younger 

than 21 years on 

1st January of the 

previous 

- Number of U21 

selections per 

player per season 

- Number of U21 

minutes played 

per player per 

season 

- Second and third division clubs complied with the implementation of the 

rule. 

 

- No significant difference in playing minutes for the under-21 players 

included in the squad. 
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provided by the 

Royal Belgian 

Football Association 

(53 teams, 2138 

players).  

5. Player 

development 

opportunities 

6. Retrospective 

rule was 

effective in 

increasing the 

playing 

opportunities of 

young adult 

(under-21) 

soccer players. 

selection (under-

21 rule). 

competitive 

soccer season. 

Vriend et 

al. (Vriend 

et al., 

2015) 

1. Tier 3 

2. Yes 

3. Dutch Amateur 

Soccer 

4. Data obtained 

from Dutch Injury 

Surveillance System 

database. 

5. Injury incidence 

and prevention 

6. Retrospective, 

- Assess the 

effectiveness 

of 

the introduction 

of the 

shinguard law 

in football on 

the incidence 

of lower leg 

football injuries 

- Prior to season 

2000/01, the 

wearing of 

shinguards was 

optional in Dutch 

amateur soccer. 

- 2000/01: 

Wearing of 

shinguards 

mandatory in 

Dutch amateur 

soccer. 

- Incidence of 

lower leg injuries 

- Incidence of all 

other injuries 

 

Incidence of lower leg injuries: 

- From 1986-2000, incidence of lower leg injuries significantly decreased 

(p = 0.004) by 20%. 

- From 2001-2005, incidence of lower leg injuries significantly decreased 

(p = 0.004) by 25%.  

- From 2006-2010, incidence of lower leg injuries stabilised. 

 

Incidence of all other injuries: 

- From 1986-2000, incidence of all other football injuries significantly 

decreased (p < 0.000) by 23%. 

- From 2001-2005, incidence of all other football injuries stabilised. 
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population-based at a population 

level. 

- From 2006-2010, incidence of all other football injuries significantly 

increased (p = 0.006) by 18%. 

FIFA: Federation Internationale de Football Association; UEFA: Union of European Football Associations; CONMEBOL: South American Football Confederation; AGR: Away Goal Rule; RPE: Rating 

of Perceived Exertion; PFAW: Points for a Win; rISC: Relative Increase of the Substitution Contingent; ILR: Increase Load Reduction; VAR: Video Assistant Referee; IFAB: International Football 

Association Board; APCS: Additional Permanent Concussions Substitution; OR: Offside Rule; ROR: Revised Offside Rule.  
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Ashford et 

al. 

(Ashford 

et al., 

2020) 

1. Tier 2 

2. Yes 

3. Rugby Football Union 

- Regional Academies 

4. Every game from the 

2016, 2017, 2018, and 

2019 festivals were 

recorded by a video 

camera placed on the 

halfway line 

(n = 105 games). The 

second author 

conducted post event 

analysis using 

SportCode Elite 

software for all games. 

5. Physical performance 

and match-play 

characteristics 

6. Retrospective 

- Analyse the 

impact of rule 

modifications 

(i.e., “Wellington 

Rules”) on 

competitive 

match play and 

player behaviour. 

2016 Original 

Rules: 

 

(1) 

Infringements at 

the scrum can 

be penalised. 

 

(2) Unlimited 

time to perform 

a lineout (to the 

referee’s 

discretion) 

 

(3) 

Infringements at 

the lineout can 

be penalised. 

 

(4) Unlimited 

2017-19 

Wellington 

Rules: 

 

(1) For all 

infringements at 

the scrum the 

sanction is a 

free kick – apart 

from foul play 

 

(2) 20 s to throw 

the ball in from 

the assistant 

referee marking 

the lineout – the 

sanction is a 

free kick. 

 

(3) The sanction 

- Ball-in-play 

percentage  

- Passes per minute  

- Offloads per minute 

- Kicks per minute  

- Increase (p < 0.01) in ball-in-play percentage (2016: 45.6 

± 6.8% vs. 2018: 50.7±8.0%). 

 

- Increase (p < 0.02) in passes per minute (2016: 1.59 ± 

0.31 vs. 2018: 1.88 ± 0.36).  

 

- Reduction (p < 0.05) in kicks per minute (2016: 0.17 ± 

0.07 vs. 2019: 0.10 ± 0.04). 



 

 224 

Study 

Study Overview 
1. Participant 
Framework (McKay et 

al., 2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy Used 
5. Study Category 
6. Study Design 

Study Aim(s) 
Original 
Rule(s) 

New Rule(s) Outcome Measures Key Findings 

number of 

mauls allowed 

per game. 

 

(5) The team 

who concedes a 

try kicks off to 

their opponent 

and can land 

anywhere in 

field. 

 

(6) 1 min to play 

from a penalty 

or free kick – the 

sanction is a 

penalty or free 

kick is reversed. 

 

(7) Can kick out 

on the full if the 

for all 

infringements at 

the lineout is a 

free kick – apart 

from foul play. 

 

(4) 1 maul per 

half on 

Matchday 1 and 

2 per half on 

Matchday 2 – 

the sanction is a 

free kick if a 

team exceeds 

this. 

 

(5) Team that 

has just 

conceded a try 

has the choice 

to kick or 
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kick is 

conducted 

within own 22 – 

the sanction is 

lineout to the 

opposition in 

line with where 

the kick was 

taken. 

 

(8) A quick throw 

cannot be taken 

with a different 

ball 

 

(9) No 

constraints on 

selection. 

receive. All kick 

offs to land 

between 10 and 

22 m line, if it 

lands elsewhere 

the sanction is a 

free kick. 

 

(6) 10 s to play 

from a penalty 

or free kick – 

the sanction is 

the penalty or 

free kick if 

reversed. 

 

(7) No open 

field kicks to 

land directly out 

of touch on the 

full – the 



 

 226 

Study 

Study Overview 
1. Participant 
Framework (McKay et 

al., 2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy Used 
5. Study Category 
6. Study Design 

Study Aim(s) 
Original 
Rule(s) 

New Rule(s) Outcome Measures Key Findings 

sanction is 

lineout to the 

opposition in 

line with where 

the kick was 

taken. 

 

(8) Quick throws 

can be taken 

with a different 

ball, if the ball 

hits the 

crowd/stand etc. 

 

(9) All players 

start at least 

one game. 

Bradley et 

al. 

(Bradley 

1. Tier 4 

2. Yes 

3. International Matches 

(6 Nations) 

- Determine if the 

changes in scrum 

engagement laws 

have led to 

2013: Scrum 

engagement call 

- “Crouch, 

touch, set” 

2014-16: Scrum 

engagement call 

- “Crouch, bind, 

set” 

- Scrum event (count, 

total duration, mean 

duration). 

 

 - Increase (p < 0.05) in scrum event total duration (s) in 

2016 (917.0 ± 242.7s) than 2014 (722.9 ± 158.5s) and 2015 

(736.2 ± 216.7s).  
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et al., 

2018)  

4. Each game was 

recorded using a 

VirginMedia TiVo box 

and subsequently 

viewed by an 

experienced rugby 

analyst. Coding of each 

game was completed 

using a bespoke 

Microsoft Excel 

spreadsheet report. 

5. Injury incidence and 

prevention 

6. Retrospective 

changes in scrum 

characteristics, 

specifically timing 

and stability, in 

international 

rugby union. 

- Scrum (count, mean 

duration) 

 

- Scrum contact 

(count, total duration, 

mean duration) 

 

- Reset, collapsed, 

early engagement, 

pulling down. 

- Increase (P. < 0.05) in scrum event mean duration (s) in 

2016 (68.3 ± 10.8s) than 2013 (59.0 ± 9.0). 

 

- Increase (p < 0.05) in scrum mean duration (s) in 2016 

(53.4 ±7.4s) than 2013 (47.0 ± 6.8s). 

 

- Increase (p < 0.05) in scrum contact total duration (s) in 

2016 (175.9 ± 40.2s) than 2013 (128.0 ± 36s), 2014 (126.0 

± 42.9s) and 2015 (145.3 ± 40.4s). 

 

- Increase (p < 0.05) in scrum contact mean duration (s) in 

2014 (8.5 ± 1.7s), 2015 (10.0 ± 1.4s) and 2016 (10.8 ± 1.2s) 

than 2013 (7.5 ± 1.0s). 

 

- Reduction (p < 0.05) in early engagements in 2014 (0.2 ± 

0.6), 2015 (0.5 ± 0.6) and 2016 (0.7 ± 0.8) than 2013 (1.7 ± 

1.1). 

 

- Reduction (p < 0.05) in number of scrums pulled down in 

2014 (0.1 ± 0.3) and 2015 (0.1 ± 0.4) than in 2013 (0.9 ± 

1.1). 
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Cooke et 

al. (Cooke 

et al., 

2023) 

1. Tier 5 

2. Yes 

3. International Matches 

(Rugby World Cup 

(RWC)) 

4. Television footage of 

each match was 

reviewed by one of the 

three medically qualified 

reviewers to identify 

every head injury that 

occurred during the 

tournament.  

5. Injury incidence and 

prevention 

6. Retrospective 

- Report the 

frequency 

of head injuries 

and head injury 

assessments 

(HIA) within elite 

rugby union. 

- Compare 

findings from 

2019 RWC with 

previously 

recorded injury 

rates at RWC’s to 

determine 

whether World 

Rugby’s law 

changes 

benefited the 

players by 

decreasing the 

risk of head injury 

- Pre-2015: No 

law written 

within rugby 

union to allow 

medical staff to 

intervene for a 

suspected head 

injury event. 

- A form of head 

injury 

assessments 

was first 

introduced in 

2012 to help 

with identifying 

those players 

who may be 

suffering with 

signs of 

concussion.  

- This 

assessment 

was further 

developed over 

the following 

years and was 

implemented 

into the Laws of 

Rugby in 2015, 

- Rate of head injury 

per 1000 player hours 

 

- Rate of concussion 

per 1000 player hours 

Rate of head injury per 1000 player hours has increased 

over the three most recently recorded RWC tournaments: 

- 2003: 33.8 (25.6 to 41.7) 

- 2007: 4.7 (2.4 to 9.0) 

- 2011: 14.6 (10.1 to 21.1) 

- 2015: 22.0 (15.8 to 28.1) 

- 2019: 37.8 (29.5 to 47.6) 

 

Rate of concussion per 1000 player hours has increased 

over the five most recently recorded RWC tournaments: 

- 2003: 2.1 (0.6 to 5.3) 

- 2007: 2.6 (1.1 to 6.3) 

- 2011: 7.8 (4.7 to 13.0) 

- 2015: 13.9 (8.7 to 19.0) 

- 2019: 12.8 (8.1 to 19.2) 
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and whether 

there was any 

evidence of a 

culture shift away 

from returning to 

play after a head 

injury. 

prior to the 2015 

Rugby Union 

World Cup 

Fuller et 

al. (Fuller 

et al., 

2009) 

1. Tier 3 

2. Yes 

3. Vodacom Cup 

4. Detailed manual 

describing the aims, 

definitions and 

procedures for the 

study, and containing 

injury report forms, was 

prepared and distributed 

to the medical staff of 

each participating team. 

Players from the 14 

teams involved in the 

- Characterise 

the incidence, 

nature and 

causes of injury 

in the Super 14 

and Vodacom 

Cup competitions 

using the 

consensus-

recommended 

protocols.  

- Evaluate the 

impact on match 

injuries of the IRB 

- NA Lineout: 

- Vodacom Cup: 

No restrictions 

placed on the 

number of 

players 

permitted in the 

lineout. 

- Players may 

pre-grip and lift 

lineout jumpers. 

 

Tackle/post-

tackle: 

- Injury incidence 

(injuries/1000 player 

hours) 

- Lower injury incidence (p = 0.006) in Vodacom Cup (mean 

[95% CIs]; 71.2 [60.0 - 84.5]) than English Premiership 

(91.4 [86.9 - 96.1]). Rate ratio (RR) 0.78 (0.65 - 0.93).  

 

- Lower (p = 0.008) injury incidence for forwards in 

Vodacom Cup (65.2 [51.0 - 83.3]) than English Premiership 

(92.1 [86.0 - 98.6]). RR 0.71 (0.55 - 0.91).  
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2008 Super 14, and 13 

of the 14 teams involved 

in the 2008 Vodacom 

Cup in South Africa, 

took part in the study 

(813 players). 

5. Injury incidence and 

prevention 

6. Prospective 

ELVs that were 

implemented at 

different levels 

during these two 

competitions 

- Vodacom Cup: 

Players on their 

feet may play 

the ball with 

their hands 

post-tackle. 

 

Maul: 

- Vodacom Cup: 

Defending 

players may 

collapse a maul 

once formed 

Kraak et 

al. (Kraak 

et al., 

2016) 

1. Tier 4 

2. Yes 

3. Super Rugby 

4. Performance analysis 

of 646 Super Rugby 

matches was done by 

an accredited 

performance analyst 

- Investigate and 

compare the 

effect of law 

changes on the 

match profile of 

Super Rugby 

between the 

2008 rule 

- NA - Law 16.7: 

When ball has 

been clearly 

won by a team 

at a ruck and is 

available to be 

played the 

referee will call 

- Tries (n) 

- Conversion kicks (n) 

- Penalty kicks (n) 

- Drop goals (n) 

- Duration (min) 

- Ball in play time 

(min) 

- Scrums (n) 

- Increase (p ≤ 0.01 to ≤ 0.05) in number of tries scored in 

2010 (530 [495-566]), 2011 (578 [541-617]), 2012 (609 

[570-649]) and 2013 (595 [557-634]) than 2008 (448 [417 to 

480]). 

 

- Increase (p ≤ 0.01 to ≤ 0.05) in conversion kicks in 2011 

(403 [370-438]), 2012 (463 [428-500]) and 2013 (428 [394-

464]) than 2008 (314 [286-344]). 
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(Level 6 International 

Society of Performance 

Analysis) 

5. Match scoring or 

points awarded 

6. Retrospective, mixed 

method design 

(qualitative and 

quantitative) 

changes and 

2013 seasons 

“use it”, after 

which the ball 

must be played 

within five 

seconds.  

 

- Law 9: The 

conversion kick 

must be taken 

within 90 

seconds after 

the try has been 

scored. 

 

- Law 6: 

Extension of the 

jurisdiction of 

the television 

match official. 

 

- Scrum reset (n)  

- Lineouts (n)  

- Rucks (n) 

 

 

- Reduction (p ≤ 0.01) in penalty kicks in 2009 (257 [230-

286]) than 2008 (262 [236-290]).  

 

- Increase (p ≤ 0.01) in penalty kicks in 2010 (469 [435-

504]), 2011 (665 [626-705]), 2012 (691 [651-732]) and 2013 

(679 [640-71]) than to 2008 (262 [236-290]). 

 

- Reduction (p ≤ 0.01) in drop goals in 2012 (16 [10-26]) 

and 2013 (8 [4-16]) than 2008 (20 [13-31]).  

 

Significant differences (p < 0.05) in duration: 

 

2008: 91min 27s 

vs. 

2009: 92min 21s; small ↑ 

2011: 89min 46s; small ↓ 

2012: 90min 09s; small ↓ 

 

Significant differences (p < 0.05) in ball-in-play time: 

 



 

 232 

Study 

Study Overview 
1. Participant 
Framework (McKay et 

al., 2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy Used 
5. Study Category 
6. Study Design 

Study Aim(s) 
Original 
Rule(s) 

New Rule(s) Outcome Measures Key Findings 

- Law 20; Scrum 

engagement call 

has changed 

from “crouch, 

touch, pause 

and engage” to 

“crouch, bind, 

set”. 

2008: 36min 06s 

vs. 

2009: 34min 10s; moderate ↓ 

2010: 33min 30s; moderate ↓ 

2011: 34min 26s; small ↓ 

2012: 33min 57s; moderate ↓ 

2013: 32min 58s; moderate ↓ 

 

Significant differences (p < 0.05) in number of scrums: 

 

2008: 26.4 ± 4.7 

vs. 

2009: 25.0 ± 5.4; small ↓ 

2010: 21.9 ± 4.8; moderate ↓ 

2011: 18.7 ± 4.6; large ↓ 

2012: 17.9 ± 4.1; large ↓ 

2013: 18.4 ± 4.2; large ↓ 

 

Significant differences (p < 0.05) in number of scrum resets: 

 

2008: 6.3 ± 2.1 
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vs. 

2009: 4.5 ± 2.8; moderate ↓ 

2010: 4.4 ± 2.3; moderate ↓ 

2011: 2.8 ± 1.7; large ↓ 

2012: 3.4 ± 2.1; large ↓ 

2013: 3.7 ± 1.9; large ↓ 

 

Significant differences (p < 0.05) in number of lineouts: 

 

2008: 625.3 ± 5.4 

vs. 

2009: 23.6 ± 6.5; small ↓ 

2010: 23.2 ± 5.6; small ↓ 

2012: 23.7 ± 4.5; small ↓ 

 

Significant differences (p < 0.05) in number of rucks: 

 

2008: 128.1 ± 20.9 

vs. 

2009: 115.9 ± 18.1; moderate ↓ 

2010: 113.6 ± 21.3; moderate ↓ 
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2011: 111.6 ± 21.3; moderate ↓ 

2012: 104.0 ± 18.1; large ↓ 

2013: 92.9 ± 20.1; large ↓  

Kraak et 

al. (Kraak 

et al., 

2017b) 

1. Tier 3 

2. Yes 

3. Varsity Cup 

4. Video recordings from 

all the matches (n=62) 

of the 2011 and 2012 

VC rugby tournaments 

were recorded and 

analysed using the 

Dartfish 6.2 TeamPro 

(5.0, 20909.0) software. 

5. Match scoring or 

points awarded 

6. Retrospective, mixed 

method design 

(qualitative and 

quantitative) 

- Compare the 

scoring profile of 

the 2011 and 

2012 

tournaments to 

determine if 

modifying the 

scoring system at 

South African 

University rugby 

level changed the 

game dynamics. 

2011: 

- Try = 5 pts 

- Conversion = 2 

pts 

- Penalty = 3 pts 

- Drop Goal = 3 

pts 

2012: 

- Try = 5 pts 

- Conversion = 

3 pts 

- Penalty = 2 pts 

- Drop Goal = 2 

pts 

- Tries scored (n) 

- Conversions (n)  

- Penalty kicks (n)  

- Drop goals (n)  

- Increase (p < 0.05) in tries scored in 2012 (234 [213-255]) 

than 2011 (189 [169-209]).  

 

- Increase (p < 0.05) in number of conversions in 2012 (180 

[160-200]) than 2011 (124 [105-143]).  

 

- Reduction (p < 0.05) in penalty kicks at goal in 2012 (32 

[21-43]) than 2011 (124 [104-143]).  

 

- Reduction (p < 0.05) in drop goals in 2012 (0 [0-0]) than 

2011 (9 [3-13]).  
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Kraak et 

al. (Kraak 

et al., 

2017a) 

1. Tier 4 

2. Yes 

3. International Rugby 

4. 248 international 

rugby matches were 

analysed by an 

accredited performance 

analyst (Level 6 

International Society of 

Performance Analysis) 

5. Physical performance 

and match-play 

characteristics 

6. Retrospective, mixed 

method design 

(qualitative and 

quantitative) 

- Compare the 

changes of the 

general match 

profile of 

international 

rugby between 

the 2007 and 

2013 seasons. 

- NA 

 

Scrum & scrum 

resets: 

- Law 20 (pre-

change): Scrum 

engagement call 

from referee of 

“crouch, touch, 

pause, engage”  

 

Lineouts: 

- Law 19 (pre-

amendment): If 

a team took the 

ball back into 

their own 22-m 

area and kicked 

it directly into 

touch, the 

kicking team 

Whole match 

duration: 

- 2013, Law 6: 

Referee 

consulting with 

other (i.e., 

extension of the 

jurisdiction of 

the television 

match official 

(TMO)). 

 

Scrums & scrum 

resets: 

- 2013, Law 20: 

Forming a 

scrum (i.e., 

scrum 

engagement call 

by referee of 

“crouch, bind, 

- Duration of matches 

(min)  

- Scrums (n) 

- Scrum resets (n) 

- Lineouts (n) 

- Lineouts won (n) 

- Rucks (n) 

Significant differences (p < 0.05) in whole-match duration: 

 

2007: 91min 45s 

vs. 

2008: 91min 16s; small ↓ 

2010: 90min 44s; small ↓ 

2012: 90 min 39s; small ↓ 

2013: 92min 56s; small ↑ 

 

Significant differences (p < 0.05) in number of scrums: 

 

2007: 24.6 ± 5.7 

vs.  

2008: 23.3 ± 4.7; small ↓ 

2009: 21.8 ± 5.2; small ↓ 

2010: 20.4 ± 4.1; moderate ↓ 

2011: 19.0 ± 4.9; moderate ↓ 

2012: 18.3 ± 5.5; moderate ↓ 

2013: 19.3 ± 3.8; moderate ↓ 

 

Significant differences (p < 0.05) in number of scrum resets: 



 

 236 

Study 

Study Overview 
1. Participant 
Framework (McKay et 

al., 2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy Used 
5. Study Category 
6. Study Design 

Study Aim(s) 
Original 
Rule(s) 

New Rule(s) Outcome Measures Key Findings 

would gain 

ground from the 

spot where the 

ball was kicked 

into touch. 

 

- Law 19 (pre-

amendment): 

Lifters not 

permitted to pre-

grip on jumpers 

shorts. 

 

- Law 16 (pre-

amendment): 

End of a ruck 

not explicitly 

defined within 

laws 

set”.) 

 

Lineouts: 

- 2013, Law 19: 

If a team puts 

the ball back 

into its own 22 

m area and the 

ball is 

subsequently 

kicked directly 

into touch, there 

is no gain in 

ground. 

 

2010, Law 19: 

Pre-gripping, 

which allows 

players who are 

lifting to pre-grip 

on the jumper’s 

 

2007: 6.9 ± 2.7 

vs. 

2009: 6.1 ± 2.8; small ↓ 

2010: 5.7 ± 2.2; small ↓ 

2011: 3.3 ± 1.9; large ↓ 

2012: 4.7 ± 2.0; moderate ↓ 

2013: 5.0 ± 2.2; moderate ↓ 

Significant differences (p < 0.05) in number of lineouts: 

 

2007: 29.8 ± 5.5 

vs. 

2008: 25.9 ± 5.4; moderate ↓ 

2009: 23.8 ± 5.4; moderate ↓ 

2010: 23.0 ± 4.4; large ↓ 

2011: 24.1 ± 4.5; moderate ↓ 

2012: 25.4 ± 5.4; moderate ↓ 

2013: 26.3 ± 4.9; moderate ↓ 

 

Significant differences (p < 0.05) in number of lineouts won: 

2007: 85  
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shorts. 

 

2009, Law 16: 

Unsuccessful 

end to a ruck 

defined (i.e., 

when the ball 

has been clearly 

won by a team 

at a ruck and is 

available to be 

played the 

referee will call 

"use it", after 

which the ball 

must be played 

within five 

seconds). 

vs.  

2010: 82; small ↑ 

 

Significant differences (p < 0.05) in number of rucks: 

2007: 118.1 ± 23.4 

vs. 

2008: 147.7 ± 20.7; very large ↑) 

2010: 129.1 ± 24.9; large ↑) 

2011: 119.4 ± 22.1; small ↑) 

2012: 106.26.5; small ↓) 

2013: 98.8 ± 21.4; moderate ↓) 

Lo et al. 

(Lo et al., 

2019) 

1. Tier 4 

2. Yes 

3. Super Rugby 

- Determine the 

effect of multiple 

time-zones (long-

- NA Law 6: Match 

Officials 

- Assistant 

- Carries (n)  

- Clean breaks (n)  

Secular trend from 2008 to 2016 (Percent unit with 90% 

confidence limits): 
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4. Archival data from 11 

years of Super Rugby 

(2006–2016) were 

retrieved from the official 

SANZAAR (South 

Africa, New Zealand, 

Australia, Argentina 

Rugby) website, 

(http://www.sanzarrugby. 

com/superrugby) 

5. Physical performance 

and match-play 

characteristics 

6. Retrospective 

haul) travel on 

team KPIs in the 

Super Rugby 

competition over 

an 11-year period 

starting from the 

first season with 

available KPI 

data (2006) 

referees are 

able to assist 

the referee in 

any way that the 

referee requires. 

 

Law 17: Maul 

- Remove 

reference to 

head and 

shoulders not 

being lower than 

hips. 

- Players are 

able to defend a 

maul by pulling 

it down. 

 

Law 19: Touch 

and Lineout 

- If a team puts 

- Defenders beaten 

(n) 

- Lineouts won (%) 

- Offloads (n) 

- Passes (n) 

- Scrums (n) 

- Tackles (n) 

- Tries (n) 

- Missed tackles (n) 

- Penalties conceded 

(n) 

- Possibly small increase in carries (7.0 ± 9.0%) 

- Moderate increase in clean breaks (77.4 ± 152.2%) 

- Very likely moderate increase in conversions (58.1 ± 

45.3%) 

- Likely large increase in defenders beaten (58.6 ± 74.5%) 

- Most likely moderate increase in percentage of lineouts 

won (10.0 ± 4.0%) 

- Very likely increase in offloads (41.5 ± 34.1%) 

- Possibly small increase in passes (10.7 ± 14.9%) 

- Small reduction in percentage of scrums won (-1.0 ± 

8.0%) 

- Small reduction in tackles (-9.5 ± 19.0%) 

- Very likely moderate increase in tries (53.0 ± 38.5%) 

- Likely moderate increase in missed tackles (56.7 ± 67.9%) 

- Moderate reduction in penalties conceded (-33.7 ± 42.5%)  
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the ball back 

into its own 22 

and the ball is 

subsequently 

kicked directly 

into touch, there 

is no gain in 

ground.  

- A quick throw 

in may be 

thrown in 

straight or 

towards the 

throwing team’s 

own goal line.  

- There is no 

restriction on 

the number of 

players from 

either team who 

can participate 
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in the lineout.  

- The receiver at 

the lineout must 

be 2 metres 

away from the 

lineout.  

- The player 

who is in 

opposition to the 

player throwing 

in the ball must 

stand in the 

area between 

the 5-metre line 

and the touch 

line but must be 

2 metres away 

from the 5-

metre line.  

- Lineout 

players may 
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pre-grip a 

jumper before 

the ball is 

thrown in.  

 

Law 20: Scrum 

- Introduction of 

an offside line 5 

metres behind 

the hind most 

feet of the 

scrum. 

- Identification of 

scrum half 

offside lines.  

 

- 2011: Change 

in competition 

format with the 

introduction of a 
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conference 

system. 

Spencer 

and Brady 

(Spencer 

and 

Brady, 

2015) 

1. Tier 4 

2. Yes 

3. ITM Cup and Currie 

Cup 

4. Study analysed and 

compared game rucks 

under the Current Laws 

(n = 136), to those 

under the Experimental 

Law Variation (ELV) (n = 

221). Each ruck and 

offload was notated with 

reference to match time 

and position on the field. 

5. Physical performance 

and match-play 

characteristics 

6. Retrospective 

- Determine 

whether limiting 

the time the ball 

is allowed to 

remain stationary 

improves the 

continuity of the 

game through 

increasing the 

time the ball is in 

open play 

- NA - ELV: Law 16.7, 

Unsuccessful 

end to a ruck. 

 

When the ball 

has been clearly 

won by a team 

at a ruck and 

the ball is 

available to be 

played the 

referee will call 

"Use it!" after 

which the ball 

must be played 

within five 

seconds. If the 

ball is not 

played within 

- Open play time (%) 

- ‘Pick and go’ (n)  

- Ruck and pass (n) 

- Reduction (p = 0.011) in percentage of open play time 

following law change (mean [±EM]; 51.26% [±1.48)]) than 

before (59.19% [±1.66]). 

 

- Increase (p = 0.008) in number of ‘Pick and Go’ following 

laws change (7.29) than before (3.20 [±1.02]) 

 

- Reduction (p = 0.00001) in number of Ruck and Pass 

following law change (15.29) than before (17.8).  
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the five 

seconds, the 

referee will 

award a scrum 

and the team 

not in 

possession of 

the ball at the 

ruck is awarded 

the throw in 

Stean et 

al. (Stean 

et al., 

2015) 

1. Tier 4 

2. Yes 

3. Aviva Premiership 

4. The 20 selected 

games from each 

season were uploaded 

into SportsCode 

software (v9.5.1 

Warriewood, NSW, 

Australia); analysis was 

completed by an 

- Investigate the 

effect of the 

change in scrum 

laws from the 

2012/13 to the 

2013/14 seasons 

on scrum 

performance 

indicators and 

player welfare in 

- 2012/13: 

Scrum 

engagement call 

- “Crouch, 

touch, set” 

- 2013/14: 

Scrum 

engagement call 

- “Crouch, bind, 

set” 

- Total scrums (n)  

- Reset scrums (n) 

- Collapsed scrums 

(n) 

- Early engagement 

(n) 

- Increase (p = 0.003) in total scrums in 2013/14 (mean ± 

SD; 23.85 ± 6.26) than 2012/13 (17.50 ± 6.06). 

 

- Increase (p < 0.0005) in reset scrums in 2013/14 (8.15 ± 

2.92) than 2012/13 (3.85 ± 2.15). 

 

- Increase (p = 0.004) in collapsed scrums in 2013/14 (4.45 

± 2.92) than 2012/13 (2.00 ± 1.55). 

 

- Reduction (p = 0.002) in early engagement in 2013/14 

(0.40 ± 0.49) than 2012/13 (1.65 ± 1.59).  
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experienced analyst. 

5. Injury incidence and 

Prevention 

6. Retrospective 

the English 

Premiership. 

Stokes et 

al. 

(Stokes et 

al., 2021) 

1. Tier 4 

2. Yes 

3. English 

Championship 

4. A single experienced 

game analyst coded 

tackle events that led to 

a clinically diagnosed 

concussion, using a 

predefined coding 

matrix on a bespoke 

analysis platform (Fair 

Play Pty Ltd, Australia). 

5. Injury incidence and 

Prevention 

6. Retrospective 

- Determine 

whether varying 

the laws 

of the game to 

reduce the 

maximum height 

of the legal tackle 

from the line of 

the shoulders of 

the ball carrier to 

the line of the 

armpit in elite 

men’s rugby 

union: (1) 

changes tackle 

behaviour and (2) 

reduces the 

- Championship: 

Played under 

standard Laws 

of the Game 

relating to the 

tackle (Law 

9.13). 

- Championship 

Cup: Played 

under revised 

Laws regarding 

the tackle; 

specifically, the 

height of the 

legal tackle was 

reduced from 

the line of the 

shoulders on 

the ball carrier 

to the line of the 

armpits. 

- Concussion 

incidence (per 1000 

hours) 

- Tackle 

characteristics (type, 

body position, initial 

point of contact on ball 

carrier) expressed per 

100 tackle actions  

- Initial point of contact 

to the ball carrier for 

tackles by ball carrier 

body position 

expressed per 100 

tackle events 

 

 

- Standard tackle height period: Incidence rate was 16.9 

(95% CI 13.2 to 21.8) concussions per 1000 hours (61 

concussions).  

 

- Lowered tackle height period: Incidence rate was 22.2 

(95% CI 15.7 to 31.4) concussions per 1000 hours (32 

concussions).  

 

- Concussion incidence rate was not significantly different (p 

= 0.21) in the lowered tackle height and standard tackle 

height periods (RR 1.31, 95% CI 0.85 to 2.01). 

 

- Standard tackle height period: 45/61 concussions (74%) 

occurred during tackles, of which tacklers sustained 56%.  

 

- Lowered tackle height period: 27/32 concussions (84%) 

occurred during tackles, of which tacklers sustained 67%. 
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incidence rate of 

concussion and 

other injuries. 

 

 

 

- Propensity for concussion per 1000 tackle events for ball 

carriers was not significantly different (p = 0.62) during the 

standard tackle height (1.1, 95% CI 0.7 to 1.7) than in the 

lowered tackle height (1.4, 95% CI 0.7 to 2.6) periods.  

 

- Propensity for concussion per 1000 tackle events for 

tacklers was significantly lower (p = 0.02) during the 

standard tackle height (1.0, 95% CI 0.6 to 1.4) than in the 

lowered tackle height (2.0, 95% CI 1.3 to 3.1) periods. 

 

- Reduced carrier upright body position (p < 0.05) during 

lowered tackle height period (29/ 100) compared to 

standard tackle height period (35/ 100). 

 

- Increased carrier partially bent body position (p < 0.05) 

during lowered tackle height period (54.3/ 100) compared to 

standard tackle height period (43.4/ 100). 

 

- Reduced carrier fully ben body position (p < 0.05) during 

lowered tackle height period (14.7/ 100) compared to 
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standard tackle height (19.5/ 100). 

 

- Reduced tackler upright body position (p < 0.05) during 

lowered tackle height period (20/ 100) compared to 

standard tackle height period (25/ 100). 

 

- Increased tackler fully bent body position (p < 0.05) during 

lowered tackle height period (32.4/ 100) compared to 

standard tackle height period (28.2/ 100).  

 

- Reduced head and neck initial point of contact on ball 

carrier (p < 0.05) during lowered tackle height period (1.5/ 

100) compared to standard tackle height period (2.2/ 100). 

 

- Reduced shoulder and armpit initial point of contact on ball 

carrier (p < 0.05) during lowered tackle height period (24.5/ 

100) compared to standard tackle height period (28.8/ 100). 

 

- Increased upper leg initial point of contact on ball carrier (p 

< 0.05) during lowered tackle height period (20.7/ 100) 

compared to standard tackle height period (16.7/ 100). 
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Vahed et 

al. (Vahed 

et al., 

2016) 

1. Tier 3 

2. Yes 

3. Currie Cup 

4. 70 matches were 

analysed from 2007 (n = 

37) and 2013 (n = 

33). Matches were 

analysed using Dartfish 

6.0 TeamPro software 

package. 

5. Physical performance 

and match-play 

characteristics 

6. Retrospective 

- Determine the 

impact of the law 

changes on the 

time intervals and 

contact profile of 

the South African 

Currie Cup 

Tournament 

during the 2007 

and 2013 

seasons. 

- NA 

 

- NA 

 

- NA 

 

- NA 

 

- “crouch, touch, 

pause, and 

engage” 

 

- NA 

- Law 6.A.6: 

Referee 

consulting 

others 

 

- Law 12.1 (f): 

Outcome of a 

knock-on or 

throw forward 

into touch 

 

- Law 16.7 (c): 

Unsuccessful 

end to a ruck 

 

- Law 19.2: 

Quick throw-in 

 

- Law 20.1 (g): 

Forming a 

scrum: “crouch, 

Number of: 

- Total points scored 

- Tries scored 

- Scrums 

- Lineouts 

- Conversion kicks 

(Successful / Missed) 

- Penalty kicks 

(Successful / Missed) 

- Drop kicks 

(Successful / Missed) 

- Stoppages  

- Injuries 

- Substitutes 

- Passes completed  

- Handling errors 

- Offloads in the tackle  

- Kicks 

- Increase (p < 0.01) in number of penalty kick attempts in 

2013 (3.5 ± 1.9) than in 2007 (2.3 ± 1.8). 

 

- Increase (p < 0.01) in successful penalty kicks in 2013 

(2.6 ± 1.5) than in 2007 (1.4 ± 1.3). 

 

- Reduction (p < 0.01) in number of lineouts in 2013 (12.3 ± 

3.1) than in 2007 (15.6 ± 3.3).  

 

- Reduction (p < 0.01) in number of scrums in 2013 (6.9 ± 

2.4) than in 2007 (9.3 ± 3).  

 

- Reduction (p < 0.01) in number of scrum resets in 2013 

(1.9 ± 1.4) than in 2007 (3.4 ± 2.3).  

 

- Increase (p < 0.01) in number of successful tackles in 

2013 (94.2 ± 17.8) than in 2007 (72.6 ± 14.6). 

 

- Increase (p = 0.04) in number of passes completed in 

2013 (113.6 ± 24) than in 2007 (104.8 ± 19.6). 
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touch, set” 

 

- Law 21.4 (c) to 

(l) Penalty and 

free-kick options 

and 

requirements 

- Reduction (p < 0.01) in number of handling errors in 2013 

(16.3 ± 4.5) than in 2007 (19.7 ± 5.4). 

 

- Reduction (p < 0.01) in number of kicks in 2013 (24.6 ± 

8.6) than in 2007 (29.7 ± 8). 

Vahed et 

al. (Vahed 

et al., 

2014) 

1. Tier 3 

2. Yes 

3. Currie Cup 

4. 70 matches were 

analysed from 2007 (n = 

37) and 2013 (n = 

33). Matches were 

analysed using Dartfish 

6.0 TeamPro software 

package. 

5. Match scoring or 

points awarded 

6. Retrospective 

- Determine the 

effect of the law 

changes on the 

scoring, time 

interval, general 

skills and contact 

profiles of the 

South African 

Currie Cup during 

the 2007 and 

2013 seasons. 

- NA 

 

 

 

- NA 

 

 

 

 

 

 

 

 

 

- Law 6.A.6: 

Referee 

consulting 

others 

 

 

- Law 16.7 (c): 

Unsuccessful 

end to a ruck 

 

 

 

 

 

- Total match time in 

second half (min)  

- Match stoppage time 

(min)  

- Tackle time in first 

and second - halves 

(min) 

- Tackle time in 

second half (min) 

- Ruck/maul time in 

first and second 

halves (min) 

- Scrum duration (min) 

 

- Increase (p < 0.01) in total match time (mm:ss) in second 

halves in 2013 (49:11 ± 03:50) than in 2007 (47:20 ± 03:36). 

- Significant increase (p < 0.01) in match stoppage time 

(mm:ss) in first halves in 2013 (21:18 ± 02:48) than in 2007 

(19:56 ± 03:01). 

 

- Increase (p < 0.01) in tackle time in first halves in 2013 

(03:09 ± 00:57) than in 2007 (02:46 ± 01:04). 

- Increase (p < 0.01) in tackle time in second halves in 2013 

(03:52 ± 01:05) than in 2007 (03:26 ± 00:59). 

 

- Reduction (p < 0.01) in ruck/maul time in first halves in 

2013 (04:51 ± 01:31) than in 2007 (05:34 ± 01:07).  

- Reduction (p < 0.01) in ruck/maul time in second halves in 



 

 249 

Study 

Study Overview 
1. Participant 
Framework (McKay et 

al., 2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy Used 
5. Study Category 
6. Study Design 

Study Aim(s) 
Original 
Rule(s) 

New Rule(s) Outcome Measures Key Findings 

- “crouch, touch, 

pause, and 

engage” 

 

 

- Law 20.1 (g): 

Forming a 

scrum: “crouch, 

touch, set” 

2013 05:49 ± 01:39 than in 2007 (06:26 ± 01:28). 

 

- Reduction (p = 0.04) in scrum duration in second halves in 

2013 (00:36 ± 00:19) than in 2007 (00:47 ± 00:19). 

Van den 

Berg and 

Malan 

(van den 

Berg and 

Malan, 

2012) 

1. Tier 4 

2. Yes 

3. Super Rugby 

4. 370 matches 

recorded on video with 

analyses performed by 

Opta. The 2006 data 

were provided to 

SARugby.com and the 

2008 data were 

provided directly to the 

researchers. 

5. Physical performance 

and match-play 

characteristics 

- Determine 

whether 

experimental law 

variations (ELV) 

was effective in 

making rugby 

union matches 

more appealing 

to spectators by 

improving 

continuity 

- NA - ELV 20: 

Restricts the 

opposition back-

line to a 5-meter 

off-side line. 

 

- ELVs 7-10: 

Promote clean 

line-out balls; 

thus reducing 

handling errors 

in the line-out 

resulting in less 

scrums. 

 

Number of: 

- Scrums 

- Tackles 

- Lineouts 

- Meters gained (m) 

- Passes 

- Penalties conceded 

- Tries scored 

- Rucks won 

- Beat defence 

- Large reduction (ES 0.95) in scrums in 2008 (130.79) than 

2006 (142.29).  

 

- Large reduction (ES 2.18) in lineouts in 2008 (167.5) than 

2006 (216.86).  

 

- Large increase (ES 0.97) in tackles in 2008 (1418.78) than 

2006 (1322.36).  

 

- Large increase (ES 1.09) in meters gained in 2008 

(6208.93) than 2006 (5342.36).  

 

- Medium increase (ES 0.42) in defenders beaten in 2008 

(172) than 2006 (155.14).  
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Study Overview 
1. Participant 
Framework (McKay et 

al., 2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy Used 
5. Study Category 
6. Study Design 

Study Aim(s) 
Original 
Rule(s) 

New Rule(s) Outcome Measures Key Findings 

6. Observational, 

descriptive and ex post 

facto design. 

- ELV 5: 

Intention of less 

line-outs due to 

safer quick 

throw-in balls. 

 

- ELVs 4 and 5: 

These laws 

encourage 

players to take a 

quick throw-in of 

the ball and 

prevent them 

from kicking the 

ball directly into 

touch. 

Van 

Tonder et 

al. (van 

Tonder et 

al., 2022) 

1. Tier 3 

2. Yes 

3. South African 

collegiate amateur 

players 

- Investigate the 

effect of reducing 

the maximum 

legal tackle 

height from the 

- Maximum legal 

tackle height in 

line with 

shoulder. 

- Maximum legal 

tackle height in 

line with armpit. 

- All injuries 

- Head injuries 

Sport-related 

concussions 

- No difference (p = 0.13) in incidence of time-loss injuries. 

 

- No difference (p = 0.42) in incidence of head injuries. 

 

- No difference (p = 0.20) in incidence of sport-related 
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Study 

Study Overview 
1. Participant 
Framework (McKay et 

al., 2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy Used 
5. Study Category 
6. Study Design 

Study Aim(s) 
Original 
Rule(s) 

New Rule(s) Outcome Measures Key Findings 

4. 217 matches 

recorded on video with 

analyses performed by 

Opta. The 2006 data 

were provided to 

SARugby.com and the 

2008 data were 

provided directly to the 

researchers. 

5. Injury incidence and 

prevention 

6. Cross-sectional 

analytical 

line of the armpit 

shoulder of the 

ball carrier, to the 

line pf the armpit, 

on injury, head 

injury, and sport-

related 

concussion in 

amateur 

community rugby. 

- Medical attention (n, 

incidence rate per 

1000 hours, incidence 

rate) 

- Mechanism of injury 

(tackling, tackled, 

accidental collision, 

ruck)  

concussion. 

 

- Most time loss-injuries occurred during the tackle (55-

57%) 

Williams 

et al. 

(Williams 

et al., 

2005) 

1. Tier 5 

2. Yes 

3. Six Nations, Tri 

Nations, European Cup, 

Super Rugby 

4. 496 matches notated 

from video using a real-

time notational analysis 

- Determine the 

effect of rule 

changes 

introduced to 

improve game 

continuity on 

whole-match and 

- NA - Changes to 

breakdown to 

improve 

recycling 

(January 2000; 

June 2001; 

November 

2001) 

- Whole-match 

duration (hh:mm:ss) 

- Ball in play duration 

(mm:ss) 

Competition comparison 

 

Difference (p < 0.05) in whole-match duration: 

- Six Nations and European Cup (Six Nations ↑) 

 

Difference (p < 0.001) in whole-match duration: 

- Six Nations and Super Rugby (Super Rugby ↑) 

- Tri Nations and European Cup (Tri Nations ↑) 
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Study Overview 
1. Participant 
Framework (McKay et 

al., 2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy Used 
5. Study Category 
6. Study Design 

Study Aim(s) 
Original 
Rule(s) 

New Rule(s) Outcome Measures Key Findings 

capture system 

5. Physical performance 

and match-play 

characteristics 

6. Retrospective 

ball-in-play 

duration. 

 

- Changes to 

scrum including 

introduction of 

“turnover” rule 

(January 2000) 

 

- Changes to 

lineout to 

improve lifting 

and prevention 

of huddles 

(January 2000; 

June 2000; April 

2002) 

 

- Introduction of 

Television 

Match Official to 

allow referee to 

consult fourth 

- European Cup and Super Rugby (Super Rugby ↑) 

 

Difference (p < 0.05) in ball-in-play duration: 

- Six Nations and European Cup (Six Nations ↑) 

- Tri Nations and European Cup (Tri Nations ↑) 

 

Difference (p < 0.001) in ball-in-play duration:  

- European Cup and Super Rugby (Super Rugby ↑) 

 

Yearly comparison 

 

Difference (p < 0.05) in whole-match duration: 

- 1999 and 2000 (2000 ↑) 

- 1999 and 2001 (2001 ↑) 

- 2000 and 2001 (2001 ↑) 

- 2000 and 2002 (2002 ↑) 

- 2000 and 2003 (2003 ↑) 

 

Difference (p < 0.001) in whole-match duration: 

- 1999 and 2002 (2002 ↑) 

- 1999 and 20003 (2003 ↑) 
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Study Overview 
1. Participant 
Framework (McKay et 

al., 2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy Used 
5. Study Category 
6. Study Design 

Study Aim(s) 
Original 
Rule(s) 

New Rule(s) Outcome Measures Key Findings 

official to check 

(January 2000) 

 

 

Difference (p < 0.05) in ball-in-play duration:  

- 2000 and 2001 (2000 ↑) 

- 2001 and 2003 (2003 ↑) 

- 2002 and 2003 (2003 ↑). 

 

Difference (p < 0.001) in ball-in-play duration: 

- 1999 and 2000 (2000 ↑) 

- 1999 and 2001 (2001 ↑) 

- 1999 and 2002 (2002 ↑) 

- 1999 and 2003 (2003 ↑). 

HIA: Head Injury Assessment; RWC: Rugby World Cup; TMO: Television Match Official; KPI: Key Performance Indicator; ELV: Experimental Law Variation.   
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Supplementary Material 3.4: Rugby League 

Study 

Study Overview 
1. Participant 
Framework 
(McKay et al., 

2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy 
Used 
5. Study 
Category 
6. Study Design 

Study Aim(s) Original Rule(s) New Rule(s) 
Outcome 
Measures 

Key Findings 

Delves et 

al. (Delves 

et al., 

2022b) 

1. Tier 4 

2. No 

3. NRL 

4. Microtechnology 

data collected 

from GNSS 

devices worn in 

competition, ball-

in-play times 

collected from 

commercially 

available data 

provider 

5. Physical 

performance and 

match-play 

characteristics 

- Update and 

compare the 

peak movement 

intensity of NRL 

athletes via 

GNSS 

technology 

between the 

2019 (previous 

competition 

format), 2020 

and 2021 

seasons (current 

competition 

format).  

 

- Ruck 

infringements 

(i.e., area 

immediately 

surrounding the 

tackled player) 

penalised with 

awarding of a 

penalty, where 

teams were 

given the option 

of kicking into 

touch, restarting 

an attacking set 

from the penalty 

spot, or a penalty 

shot at goal. 

- 2020: Ruck 

infringements 

(i.e., area 

immediately 

surrounding the 

tackled player) 

penalised to with 

an automatic 

reset of the 

team’s tackle 

count to a full six 

tackle allocation. 

- Acceleration 

intercepts (m·s−2) 

- Ball-in-play 

duration (min) 

- Mean 

acceleration 

(m·s−2) 

 

- Substantially greater (>0.6 * between-athlete SD) acceleration intercepts 

(power law-derived) across all positions in 2020 (1.02 ± 0.10 m·s−2) and 

2021 (1.05 ± 0.08 m·s−2) than 2019 (0.91 ± 0.07 m·s−2). 

 

- Substantially (ES = 0.57; ± 0.51) greater total ball-in-play duration in 

2020 (56 ± 5 mins) than 2019 (53 ± 3 mins). 

 

- Substantially longer mean ball-in-play phases in 2020 (90.1 ± 14.9 s [ES 

= 1.00 ; ±0.55]) and 2021 (89.7 ± 17.5s [ES = 0.90; ± 0.61) than 2019 

(76.6 ± 11.9).  

 

- Substantially greater mean acceleration during ball-in-play periods in 

2020 (0.67 ± 0.18 m·s−2 [ES=0.75;±0.32]) than 2019 (0.59 ± 0.17 m·s−2). 
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Study 

Study Overview 
1. Participant 
Framework 
(McKay et al., 

2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy 
Used 
5. Study 
Category 
6. Study Design 

Study Aim(s) Original Rule(s) New Rule(s) 
Outcome 
Measures 

Key Findings 

6. Retrospective, 

observational, 

longitudinal 

- Analyse the 

effect of the six-

again rule on 

athlete mean 

acceleration and 

speed relative to 

ball-in-play 

times.  

Eaves et 

al. (Eaves 

et al., 

2008a) 

1. Tier 4 

2. No 

3. Super League 

4. Hand notational 

data collection 

using video 

footage 

5. Physical 

performance and 

match-play 

- Establish 

whether the 10-

m offside rule 

change (1992/3), 

the change of 

playing season 

(1996) and the 

introduction of 

the 40-20 kick 

rule (1999) 

- 5-m rule; 

requirement for 

the team not in 

possession of 

the ball to now 

retire 5-m from 

the point at 

which the ball is 

played or to the 

team’s own goal 

- 1992/3: 10-m 

rule change; 

requirement for 

the team not in 

possession of 

the ball to now 

retire 10-m from 

the point at 

which the ball is 

played or to the 

- Frequency of 

dummy half 

passes per unit of 

time  

- Frequency of 

tackle errors 

- Percentage of 

tackle errors  

- Increase in the frequency of dummy half passes per unit time following 

the introduction of the 10-m rule; (+11.6%, p < 0 .01) 

 

- Reduction in the percentage of tackle errors following the change of 

playing season; (-37.6%, p < 0.01). 

 

- Increase in the frequency of dummy half passes per unit time following 

the change of playing season (+6.3%, p < 0.01). 
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Study Overview 
1. Participant 
Framework 
(McKay et al., 

2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy 
Used 
5. Study 
Category 
6. Study Design 

Study Aim(s) Original Rule(s) New Rule(s) 
Outcome 
Measures 

Key Findings 

characteristics 

6. Retrospective 

significantly 

influenced key 

match variables 

in professional 

northern 

hemisphere 

rugby league 

football. 

line. 

 

- Change of 

playing season; 

until 1995/96 

season typically 

began in August 

and concluded in 

January. 

 

- 40-20 kick; The 

non-kicking team 

would be 

awarded scrum 

feed when the 

ball enters touch. 

team’s own goal 

line. 

 

- 1996: Playing 

season typically 

from March to 

September. 

 

- 1999: 40-20 

kick; A kick from 

inside the 

attacking team’s 

40-m line which 

bounces into 

touch between 

the opponent’s 

20-m line and 

goal-line with 

- Frequency of 

possession kicked 

out of play 

- Frequency of 

possession kicked 

out of play per unit 

of time 

- Percentage 

kicked out of play  

- Significant reduction in the percentage of kicks out of play following the 

introduction of the 40-20 rule; (-75.0%, p < 0.01). 
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Study 

Study Overview 
1. Participant 
Framework 
(McKay et al., 

2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy 
Used 
5. Study 
Category 
6. Study Design 

Study Aim(s) Original Rule(s) New Rule(s) 
Outcome 
Measures 

Key Findings 

scrum feed when 

the ball enters 

touch awarded to 

the kicking team. 

Eaves et 

al. (Eaves 

et al., 

2008b) 

1. Tier 4  

2. No  

3. Super League  

4. Hand notational 

data collection 

using video 

footage 

5. Physical 

performance and 

match-play 

characteristics 

6. Retrospective 

- Establish 

whether the 10-

m offside rule 

change (1993), 

the rule changes 

associated with 

the 

commencement 

of the summer 

playing season 

(1996) and the 

introduction of 

the 40-20 kick 

rule (1999) 

- 5-m rule; 

requirement for 

the team not in 

possession of 

the ball to now 

retire 5-m from 

the point at 

which the ball is 

played or to the 

team’s own goal 

line. 

 

- Change of 

playing season; 

- 1992/3: 10-m 

rule change; 

requirement for 

the team not in 

possession of 

the ball to now 

retire 10-m from 

the point at 

which the ball is 

played or to the 

team’s own goal 

line. 

 

- 1996: Playing 

- Total ball-in-play 

time (s) 

- Ruck time (s)  

- Total ruck time 

(s) 

- Activity time (s) 

- Total activity time 

(s) 

- Set possession 

time (s) 

- Continuous 

possession time 

(s) 

- Reduction (p < 0.001) in ruck time (s) following the introduction of the 

10-m rule; (1988-92: 4.56 ± 0.82 vs. 1993-95: 3.72 ± 0.47). 

 

- Reduction (p < 0.0005) in ruck time (s) following the change of playing 

season (1988-92: 4.56 ± 0.82 vs. 1997-98: 3.21 ± 0.13). 

 

- Reduction (p < 0.0005) in continuous possession time (s) following the 

change of playing season; (1993-95: 55.3 ± 3.6 vs. 1997-98: 47.1 ± 1.4). 

 

- Reduction (p < 0.0005) in ruck time (s) following the introduction of the 

40-20 rule; (1988-92: 4.56 ± 0.82 vs. 2000-02: 3.65 ± 0.18). 

 

- Increase (p < 0.02) in continuous possession time (s) following the 

introduction of the 40-20 rule; (1997-98: 47.1 ± 1.4 vs. 55.5 ± 5.8). 
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Study Overview 
1. Participant 
Framework 
(McKay et al., 

2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy 
Used 
5. Study 
Category 
6. Study Design 

Study Aim(s) Original Rule(s) New Rule(s) 
Outcome 
Measures 

Key Findings 

significantly 

influenced key 

time variables in 

professional 

rugby league 

football in the 

United Kingdom 

(UK). 

until 1995/96 

season typically 

began in August 

and concluded in 

January. 

 

- 40-20 kick; The 

non-kicking team 

would be 

awarded scrum 

feed when the 

ball enters touch. 

season typically 

from March to 

September 

 

- 1999: 40-20 

kick; A kick from 

inside the 

attacking team’s 

40-m line which 

bounces into 

touch between 

the opponent’s 

20-m line and 

goal-line with 

scrum feed when 

the ball enters 

touch awarded to 

the kicking team. 

- Continuous ball-

in-play time (s) 

- Percentage ball-

in-play time  



 

 259 

Study 

Study Overview 
1. Participant 
Framework 
(McKay et al., 

2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy 
Used 
5. Study 
Category 
6. Study Design 

Study Aim(s) Original Rule(s) New Rule(s) 
Outcome 
Measures 

Key Findings 

Gabbett 

(Gabbett, 

2005) 

1. Tier 4  

2. No  

3. 'Sub-elite' rugby 

league  

4. Injury recorded 

as: “pain, disability 

or injury that 

occurred as a 

result of a 

competition match 

that caused the 

player to miss a 

subsequent 

match” 

5. Injury incidence 

and prevention 

6. Prospective 

- investigate the 

incidence of 

injury in sub-elite 

Rugby League 

players before 

and after the 

introduction of 

the limited 

interchange rule. 

- Unlimited 

interchanges; 

teams were 

permitted an 

unlimited number 

of interchanges 

during a match. 

2001: The NRL 

introduced the 

limited 

interchange rule, 

with teams 

permitted a 

maximum of 12 

interchange 

replacements 

over the course 

of a match. 

- Site of injury 

- Type of injury 

- Injury incidence 

(per 1,000 playing 

hours)  

- Reduced (p < 0.05) risk of injury (per 1,000 playing hours) following the 

limited interchange rule; ('Unlimited interchanges': 72.5 (58.2 to 86.8) vs. 

'Limited interchanges': 51.0 (33.8 to 68.1); RR = 0.70 (0.65 to 0.75)). 

 

- Reduced (p < 0.05) thigh and calf injury (per 1,000 playing hours) 

following the limited interchange rule; ('Unlimited interchanges': 16.8 (10.0 

to 23.7) vs. 'Limited interchanges': 4.5 (0.0 to 9.6); RR = 0.27 (0.12 to 

0.59)). 

 

- Reduced (p < 0.05) muscular strains (per 1,000 playing hours) following 

the limited interchange rule; ('Unlimited interchanges': 19.8 (12.3 to 27.2) 

vs. 'Limited interchanges': 4.5 (0.0 to 9.6); RR = 0.23 (0.17 to 0.31)). 

 

- Reduced (p < 0.05) injuries caused by high intensity running (per 1,000 

playing hours) following the limited interchange rule; ('Unlimited 

interchanges': 9.5 (4.3 to 14.7) vs. 'Limited interchanges': 1.5 (0.0 to 4.4); 

RR = 0.16 (0.04 to 0.69)). 

NRL: National Rugby League; GNSS: Global Navigation Satellite System; HSR: High Speed Running.  
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Study Overview 
1. Participant 
Framework 
(McKay et al., 

2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy 
Used 
5. Study 
Category 
6. Study Design 

Study Aim(s) Original Rule(s) New Rule(s) 
Outcome 
Measures 

Key Findings 

Orchard 

and 

Seward 

(Orchard 

and 

Seward, 

2009) 

1. Tier 4 

2. Yes 

3. AFL ‘Injury 

Survey’ 

4. Injury incidence 

and prevention  

5. AFL ‘Injury 

Survey’ is the 

longest running 

regularly released 

injury surveillance 

system in any 

national sport 

worldwide (17 

years at the time 

of study).  

6. Cohort study 

- Document the 

frequency and 

incidence of 

posterior cruciate 

ligament (PCL) 

injuries in the 

AFL, both before 

and after the 

2005 rule 

change (i.e., limit 

the run up). 

- Discuss the 

process and 

rationale for the 

rule change and 

comment on its 

consequences. 

- No restriction 

on run-up 

distance for 

ruckmen at 

'centre bounce'. 

- 2005: Limit the 

length of the run-

up to 'centre 

bounce' using a 

10 m circle, with 

ruckmen to start 

their run-up 

- Total injury 

incidence of PCL 

injuries (per 

10,000 player 

hours)  

 

- Centre bounce 

incidence (per 

10,000 player 

hours) 

 

- Non-centre 

bounce incidence 

(per 10,000 player 

hours) 

- Lower (p < 0.01) incidence of PCL injuries in 2005 – 2008 (5.9) than 

1999-2004 (12.9) 

 

- Lower (p < 0.01) incidence of 'centre bounce' mechanisms of injuries in 

2005 – 2008 (0.6) than 1999- 2004 (3.7).  

 

- Lower (p = 0.06) incidence of 'non-centre bounce' mechanisms in 2005-

08 (5.3) than 1999-2004 (9.2). 

 

- Lower (p < 0.01) incidence of PCL injuries per 10,000 'centre bounces' 

in 2005-08 (0.9) than 1999-2004 (5.6).  
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Outcome 
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Key Findings 

with historical 

control. 

 

 

Orchard et 

al. 

(Orchard 

et al., 

2014) 

 

 

1. Tier 4  

2. Yes  

3. AFL 'Injury 

Survey'  

4. AFL ‘Injury 

Survey’ is the 

longest running 

regularly released 

injury surveillance 

system in any 

national sport 

worldwide (23 

years at the time 

of study). 

5. Injury incidence 

and prevention 

- Describe how 

rule changes 

(2003-14) made 

by the AFL 

Commission 

have had an 

impact on 

specific injury 

rates in a 

professional 

Australian 

football code, 

using the AFL as 

a model. 

- NA - 2007: 

Automatic free 

kick to player 

with head over 

the ball if any 

high contact 

made 

 

- 2011: 

Concussion rule 

– A player 

suffering 

concussion not 

to be returned to 

the game 

- 2013: 

- Concussion 

- Facial fractures 

- Neck sprains 

- Other head and 

neck injuries  

- Reduction in facial fractures (RR = 0.64 (0.45-0.91)) and total head and 

neck injuries (RR 0.72 (0.57-0.91)) in 2007-09 than 2004-06. 

 

- Increase in concussion rates (RR = 2.25 (1.53-3.31)) since season 

2011. 

 

- Lower groin (RR = 0.76 (0.62-0.93)) and hamstring (RR = 0.81 (0.70-

0.93)) injury incidence in 2011-13 than 2008-10. 
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Outcome 
Measures 

Key Findings 

6. Retrospective Concussion 

subrule – The 

substitute player 

can be 

temporarily used 

(20 mins) when 

assessing a 

player for 

suspected 

concussion 

 

- 2011: 

Substitute rule: 

move from 4-

man unlimited 

interchange 

bench to 3 

interchange 
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Key Findings 

players and 1 

permanent 

substitute player 

Savage et 

al. 

(Savage et 

al., 2012) 

1. Tier 4  

2. Yes  

3. AFLMOA  

4. Australian 

Football League 

Medical Officers 

Association 

collects data 

weekly including 

details of injuries 

sustained, injury 

diagnosis and the 

time of injury 

onset. 

5. Injury incidence 

- Describe injury 

trends and 

identify potential 

factors that lead 

to an increased 

risk of sustaining 

a facial fracture. 

- To correlate 

injury trends to 

rule changes and 

the evolution of 

Australian Rules 

Football in the 

AFL competition. 

- NA - 2005: The AFL 

changed the 

tribunal system 

to a match 

review panel to 

observe 

incidents and 

recommend 

player 

infringements, a 

marked 

reduction in 

facial fractures 

followed. 

- Frequency of 

facial fractures 

- Player location of 

facial fracture 

- Recovery time 

from injury 

- Reduced mean facial fractures recorded; 1992-04: 11.2 vs. 2005-08: 

7.5. 
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Study 

Study Overview 
1. Participant 
Framework 
(McKay et al., 

2022)  
2. Multi-team  
3. Competition 
Characteristics  
4. Data Strategy 
Used 
5. Study 
Category 
6. Study Design 

Study Aim(s) Original Rule(s) New Rule(s) 
Outcome 
Measures 

Key Findings 

and prevention 

6. Retrospective 

Wing et al. 

(Wing et 

al., 2022) 

1. Tier 3  

2. No  

3. WAFL  

4. Microsensor 

technology data 

was collected at a 

sampling rate 

10Hz. 

5. Physical 

performance and 

match-play 

characteristics 

6. Retrospective 

- Investigate the 

effects of 

reduced playing 

time (i.e., length 

of quarter and 

number of 

matches) on 

match running 

performance 

(e.g., distance), 

and injury rates 

within a group of 

Australian 

Football players. 

- Length of each 

quarter 20 

minutes 

- Number of 

matches in 

season 18 

- 2020: Length of 

each quarter 16 

minutes (20% 

reduction) 

- 2020: Number 

of matches in 

season 8 (55% 

reduction) 

 - Reduction (p < 0.001) in duration (minutes) in 2020 (85.9 ± 7.4) than 

2019 (99.2 ± 8), d = 1.73 (0.94 to 2.51). 

- Reduction (p < 0.001) in distance (m) in 2020 (10,907 ± 794) than 2019 

(12,139 ± 1100), d = 1.28 (0.55 to 2.02). 

- Increase (p < 0.001) in average speed (m∙min-1) in 2020 (128 ± 11) than 

2019 (123 ± 13) (d = -0.38 (-1.06 to 0.3). 

- Reduction (p < 0.001) in HSR (>18 km∙h-1) distance (m) in 2020 (1585 ± 

453) than 2019 (1812 ± 581), d = 0.44 (-0.24 to 1.12). 

- Reduction (p < 0.001) in HSR (>18 km∙h-1) efforts in 2020 (45.7 ± 11.8) 

than 2019 (52.2 ± 15.2), d=0.48 (-0.20 to 1.16). 

AFL: Australian Football League; PCL: Posterior Cruciate Ligament; RR: Rate Ratio; AFLMOA: Australian Football League Medical Officers’ Association; WAFL: Women’s Australian Football League; 

HSR: High Speed Running.  
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Supplementary Material 3.6: Methodological Quality 

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 Q16 Q17 Q18 Q19 Q20 Q21 Q22 Q23 Q24 Q25 Q26 Q27 

Ashford et al. 

(Ashford et 

al., 2020) 

1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0 

Augste and 

Cordes 

(Augste and 

Cordes, 

2016) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Ayabe et al. 

(Ayabe et al., 

2023) 

1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0 

Bahamonde-

Birke and 

Bahamonde-

Birke 

(Bahamonde-

Birke and 

Bahamonde-

Birke, 2022) 

1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 

Beaudouin et 

al. 

(Beaudouin 

et al., 2019) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Beaudouin et 

al. 

(Beaudouin 

et al., 2020) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 
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Bradley et al. 

(Bradley et 

al., 2018) 

1 1 0 1 0 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Butler and 

Butler (Butler 

and Butler, 

2017) 

1 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 

Cooke et al. 

(Cooke et al., 

2023) 

1 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Dalton et al. 

(Dalton et al., 

2015) 

1 1 0 1 0 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 

Delves et al. 

(Delves et 

al., 2022b) 

1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0 

Eaves et al. 

(Eaves et al., 

2008a) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Eaves et al. 

(Eaves et al., 

2008b) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Fuller et al. 

(Fuller et al., 

2009) 

1 1 1 1 0 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 

Gabbett 

(Gabbett, 

2005) 

1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Garcia-Aliaga 

et al. 

(García-

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 
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Aliaga et al., 

2023) 

Guedes and 

Machado 

(Guedes and 

Machado, 

2002) 

1 1 0 1 0 1 1 0 0 1 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 

Kobal et al. 

(Kobal et al., 

2022) 

1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Kraak et al. 

(Kraak et al., 

2016) 

1 1 0 1 0 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0 

Kraak et al. 

(Kraak et al., 

2017b) 

1 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 1 0 0 0 0 0 0 

Kraak et al. 

(Kraak et al., 

2017a) 

1 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 

Kula et al. 

(Kula et al., 

2022) 

1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 

Lo et al. (Lo 

et al., 2019) 
1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0 

Meyer and 

Klatt (Meyer 

and Klatt, 

2021) 

1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 

Meyer and 

Klatt (Meyer 
1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 
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and Klatt, 

2023) 

Oliveira et al. 

(Oliveira et 

al., 2021) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Orchard and 

Seward 

(Orchard and 

Seward, 

2009) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Orchard et al. 

(Orchard et 

al., 2014) 

1 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Ribeiro et al. 

(Ribeiro et 

al., 2020) 

1 1 0 1 1 1 1 1 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Savage et al. 

(Savage et 

al., 2012) 

1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 

Shibukawa 

and 

Hoshikawa 

(Shibukawa 

and 

Hoshikawa, 

2022) 

1 1 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Spencer and 

Brady 

(Spencer and 

Brady, 2015) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 
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Stean et al. 

(Stean et al., 

2015) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 

Stokes et al. 

(Stokes et 

al., 2021) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 

Tarzi et al. 

(Tarzi et al., 

2022) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 1 0 0 0 0 0 

Tok et al. 

(Tok et al., 

2017) 

1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1 0 0 0 0 0 

Vaeyens et 

al. (Vaeyens 

et al., 2005) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 

Vahed et al. 

(Vahed et al., 

2014) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0 

Vahed et al. 

(Vahed et al., 

2016) 

1 1 0 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0 

Van den Berg 

and Malan 

(van den 

Berg and 

Malan, 2012) 

1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 1 

Van Tonder 

et al. (van 

Tonder et al., 

2022) 

1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 0 0 0 0 
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Vriend et al. 

(Vriend et al., 

2015) 

1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1 0 0 

Williams et 

al. (Williams 

et al., 2005) 

1 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 

Wing et al. 

(Wing et al., 

2022) 

1 1 1 1 1 1 1 0 0 1 0 0 0 0 0 0 0 1 0 1 1 0 0 0 1 0 0 
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Chapter 6 

Supplementary Material 6.1: Number of matches and unique players within each 
positional group per year 

  Positional Groups 

Season Matches Props Hookers 
Second 

Rows 

Loose 

Forwards 

Scrum-

halves 

Stand-

offs 
Centres Wings Fullbacks 

2014 196 135 63 109 111 49 56 97 80 50 

2015 163 116 58 86 98 40 48 77 64 42 

2016 166 124 53 103 101 39 49 80 74 40 

2017 168 119 47 92 99 44 43 83 63 39 

2018 198 154 60 116 114 51 55 92 88 51 

2019 179 118 47 89 78 42 42 74 70 35 

2020a 38 76 33 61 45 21 23 52 42 23 

2020b 68 101 38 79 59 32 39 58 62 36 
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