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ABSTRACT 

Individual performance can be defined as a players ability to complete the desired task at 

a substantial quality whereby winning is the ultimate goal. It is very hard to predict 

performance through training in sports such as Australian Football (AF) given their 

dynamic and complex nature. Any training monitoring tool or data analysis technique that 

can provide any insight into match performance or correlation can substantially assist 

practitioners to get a competitive advantage over their opponents, ultimately leading to 

short term and long-term success.  

 The primary aims of this thesis were to investigate the extent to which commonly 

used training monitoring tools demonstrate a relationship with performance when 

measured from both a subjective and objective perspective. Additionally, it aims to 

develop a novel approach to visually representing the accumulation of volume across the 

intensity spectrum for various comparisons throughout the pre-season and in-season 

phases of the highest level of AF being the Australian Football League (AFL). This new 

data analysis technique was implemented as it allows for quantification of the distribution 

of volume accumulated providing more practical insights for practitioners, compared to 

previous studies whereby the distribution has simply been modelled visually. The specific 

aims of each study are as follows.  

 Study 1: to determine which characteristic/s if any, have a relationship with match 

performance identified through Champion Data© rating points and coaches subjective 

player ratings. Forty AF players from the same club (25 ± 4 yr) were monitored across 

the 2019 AFL season. Mixed models were used to compare each of these performance 

ratings with wellness scores and Global Navigation Satellite System (GNSS) metrics such 

as total distance, surge distance, sprint distance, total high-speed running distance, work 

rate and maximum velocity. There were two statistically significant relationships 

identified, wellness energy scores and coaches subjective ratings and wellness soreness 

scores and Champion Data© rating points. Neither relationship provided meaningful 

results given both relationships were in a negative direction whereby the findings are not 

something to be promoted with players. The lack of findings suggest more sophisticated 

analysis techniques are required investigating suitable metrics that assess performance.  
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 Study 2: to implement the new analytical approach and determine the cumulative 

distribution of volume across the intensity spectrum for an entire home and away season 

of AF, specifically investigating the accumulation differences between competition levels 

(AFL vs Victorian Football League (VFL)) and the duration of the match. Thirty-three 

AF players from the same club (24.4 ± 4.3 yr) were monitored across the 2021 season. 

The data collected was processed into absolute values with a one minute moving average 

applied whereby the observations were categorised into 10 m.min-1 and 5 m·min-1·s-1 

zones for speed and acceleration respectively and the total distance in each zone was 

calculated. Quadratic models were then created for each player for each quarter which 

was then summarised by competition level and quarter of the game for analysis. A clear 

difference in speed and acceleration between the duration of the match and competition 

levels were identified. This study identified AFL is played at a higher intensity than VFL 

and within AF matches, quarter one is the most intense with a decline across the duration 

of the game in both speed and acceleration.   

 Study 3: to expand on the analysis used in the previous study and apply this 

technique to examine the distribution of volume across an AF pre-season and investigate 

the volume during different pre-season phases and training drill modalities. Forty-three 

AF players from the same club (24.4 ± 4.3 yr) were monitored across the 2022 AFL pre-

season period, spanning November 2021 to March 2022. The same data analysis 

technique was used as in study 2, with the only variation being the data analysed. The 

data was categorised in three pre-season phases, pre-Christmas, post-Christmas and pre-

competition and four training drill modalities, fundamentals, structure, game plan and 

conditioning. Training drill modalities were categorised based on predicted work rates 

identified by the clubs high performance manager. This study identified that the post-

Christmas phase exposes players to the greatest volume of pre-season at a high intensity. 

Within training drills, conditioning drills accumulate the greatest acceleration while game 

plan drills expose players to the highest intensity.  

 Study 4: to continue expanding on the previously used analysis technique and 

apply it to in-season, specifically examining the distribution of volume between different 

match turnaround lengths and whether matches or training accumulate the greatest 

volume. Forty-three AF players from the same club (24.4 ± 4.3 yr) were monitored across 

the 2022 AFL home and away season. The same data analysis technique was used as per 
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study 2 and 3, where the comparison was changed to three between match turnaround 

lengths (<7-day, 7-8-day and >8-day) and matches versus training. Within the week, 

matches regardless of the between match turnaround length accumulate the greatest 

volume. When examining match volume specifically across the different turnaround 

lengths, greater impulse is achieved in matches where the between match turnaround 

length is >8 days.  

General conclusions: Overall the data from this thesis builds upon the known importance 

of acceleration in AF and provides quantifiable results that can be utilised in training 

design, in designing drills based off of these findings. Through understanding the 

differences between match quarters this may drive a conversation around how training 

can improve to limit the decline observed between quarter one through four. It can also 

assist at the sub-elite levels by providing benchmarks for the top speeds and impulse 

achieved at the elite level, to allow players to train towards. These findings can also 

confirm training periodisation plans for practitioners whereby, intentions are proven or 

disproven to be true based on the cumulation observed as the analysis techniques used in 

these studies can be adapted and applied in many sports.  
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1.1 Background 

Team sport players, specifically those in AF are exposed to very high training loads 

accumulated across the week and consequentially season compared to other football 

codes (Johnston et al., 2018). This high training load is mainly expressed through a greater 

total volume 12,620 ± 1872 m in AF compared to, rugby league (6276 ± 1950 m) and 

soccer (10,274 ± 946 m) and more high velocity running (AF; 1322 ± 374 m, rugby 

league; 327 ± 168 m and soccer; 517 ± 239 m) (Varley et al., 2014).  Given the volume 

of running accumulated both in training and competition, sufficient recovery is an 

important component of the training program that is factored into training prescription 

based on the periodised model (Bompa & Haff, 2009; deCunanan et al., 2018; Mujika et 

al., 2018). Within a sport such as AF, periodisation is a common tool used by practitioners 

to expose players to appropriate training stimulus to prepare them for competition, but 

also not increase the risk of injury given the short timeline between matches.  This 

relationship has been described as the “training-injury paradox” (Gabbett, 2016) and 

reflects the importance of ensuring players are adequately prepared for the demands of 

training and competition.  

In AF, the highest competitive level is called the AFL, which is a competitive 

season that can be split into two fundamental phases, being pre-season and in-season 

(Moreira et al., 2015). Within these phases, dependent on the specific periodisation of the 

club, there can be multiple mesocycles that consist of shorter duration phases with 

individualised focuses tailored to the stage of the competitive season (Bompa & Haff, 

2009; Moreira et al., 2015; Ritchie et al., 2016). For example, the pre-season phase in AF 

can be categorised by three different mesocycles, general preparation (pre-Christmas), 

specific preparation (post-Christmas) and pre-competition phase (Bompa & Haff, 2009; 

Moreira et al., 2015; Ritchie et al., 2016). During each of these mesocycles there is a clear 

shift between training prescription of these phases as the overarching goal is to prepare 

for competition (Buchheit et al., 2015).  

 As different periodisation phases are targeted at eliciting different responses, it is 

expected that training needs to be monitored in some capacity to account for these 

responses (Halson, 2014; Moreira et al., 2015). There are multiple monitoring tools 

available so the issue becomes, determining what monitoring tools are actually necessary 
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and meaningful for practitioners to collect (Australian Academy of Science, 2022). It is 

essential that data is interpreted or analysed in a meaningful way that can infer descriptive 

reporting that can be utilised for other practitioners or coaches (Torres-Ronda et al., 

2022). There are monitoring tools readily available for interpretation to generate reports, 

however, there is also an increasing prevalence of analysis techniques being investigated 

and expanded on through sports scientists embedded throughout elite sport (Torres-Ronda 

et al., 2022).  Subsequently, during the different periodisation phases training needs to be 

monitored for different responses such as, load tolerance, overtraining and fatigue 

(Bompa & Haff, 2009).  This requires meaningful tools, data interpretation and analysis, 

with a focus on practical application by practitioners and coaches. 

 The most common monitoring tool utilised in AF at the elite level is the Global 

Navigation Satellite Systems (GNSS).  As part of the withstanding contract between the 

AFL and Catapult Sports (Melbourne, Victoria) Catapult Vector S7 units are worn by all 

players within all teams within the AFL.  As part of this agreement Catapult provides a 

console and cloud based platform that delivers summative data including metrics such as; 

distance (m), high speed running (m), velocity (km.hr-1 or m.s-1), accelerations, 

decelerations and sprint efforts. Using summative reports to generate inferences about the 

training load that players are exposed to, comes with limitations, given summative data 

can reduce data integrity by eliminating data points (Wilke, 2019).  Within the Catapult 

console there is also the ability to export raw data files from the console to be used for 

practitioners own analysis.  This allows calculations of maximal mean running speed and 

acceleration, while also allows the distribution of running to be examined. To overcome 

limitations such as lost data points, there are analysis techniques that can be employed 

which keep the integrity of the data by utilising all data points eliminating the need for 

summating data which are applied in the studies throughout this thesis (Wilke, 2019).  

This thesis aimed to investigate the relationship between variables provided from 

current training monitoring tools used within a professional AFL club.  Subsequently, this 

investigation sought to provide insights into determining which monitoring tools should 

be consistently employed for the entire squad.  Further, the research implemented new 

data analysis techniques that utilised the cumulative distribution across the intensity 

spectrum.  This analysis was conducted on both match conditions and training conditions. 

The match analysis included quantification of the effects of competition level, match 
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quarters, and match turnaround duration. Training analysis encompassed the different 

phases of the season and the different training drill modalities.  Understanding the 

distribution of training volume relative to intensity is valuable for practitioners as it not 

only impacts the training load prescribed during the training week, aligning with the 

periodisation model, but also indicates whether certain players might require more 

focused recovery attention.  By investigating these aspects, the research aims to contribute 

to better decision-making regarding training monitoring tools, training load management, 

and athlete-specific recovery strategies. 

The transformations in training volume and intensity within the pre-season phases 

of AFL have been documented (Moreira et al., 2015; Ritchie et al., 2016).  However, 

there is a lack of comprehensive documentation of how volume and intensity vary within 

the different training modalities within the pre-season period. This gap in knowledge can 

likely be attributed to the distinctive approaches each club employs in training 

prescription, coupled with the reluctance of clubs to divulge proprietary drill designs and 

confidential training volume information. While previous research does acknowledge 

disparities between skills-based training, conditioning, and resistance training (Ritchie et 

al., 2016), no study to date has delved into the intricate array of training drills constituting 

skills training.  Previous research in AF has pinpointed numerous skill-based drills geared 

towards distinct goals, be they are technical, tactical, or a combination of both (Corbett 

et al., 2017). However, a crucial void remains in the investigation of volume accumulation 

concerning speed and acceleration across these diverse training drill modalities. This 

discrepancy is noteworthy given the acknowledged significance of acceleration, 

especially in the realm of AF (Aughey, 2010; Johnston et al., 2015d). Gaining a 

comprehensive understanding of the cumulative speed and acceleration volumes 

attributed to individual training drills holds tangible practical value in training 

prescription. Recognising the imperative nature of replicating match demands during 

training (Barris et al., 2013; Pinder et al., 2011), insights into the speed and acceleration 

volumes amassed by specific training drills can substantially aid practitioners in aligning 

training objectives with targeted match demands. This knowledge empowers those 

responsible for designing training regimens or overseeing athlete load to select and tailor 

training drills more effectively. 
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Overall, understanding the distribution of training volume has the potential in 

assisting and providing context around how speed and acceleration are accumulated 

throughout these different comparisons instead of simply providing a summary statistic. 

Therefore, the overall purpose of this thesis is to firstly, determine any valid monitoring 

tools already being used to predict match performance secondly, use a novel approach to 

determine the cumulative distribution of speed and acceleration across the intensity 

spectrum for multiple variables to provide further context which can assist with training 

prescription in AF. By establishing the distribution of volume, this can assist practitioners 

in making informed decisions in training and matches.  

1.2 Objectives 

Training monitoring is a common process in elite sport, whereby data is collected to 

quantify training in team sports, to provide information to assist practitioners with 

understanding athletes responses to training prescription, recovery and performance. The 

overall aim of this thesis is to quantify running volume in AF and implement a new 

analysis technique to provide a visual distribution of volume for both speed and 

acceleration across the intensity spectrum. This analysis can then be used to provide 

context to overall assist with training prescription and design employed at the AF club. 

The relationship (or lack of relationship) between the training week and match 

performance can further support the implementation of monitoring tools within the AF 

club or their removal.  

 The findings from these collective studies can provide practitioners with a greater 

understanding firstly, whether any of the existing training monitoring tools have a direct 

correlation with performance. Secondly, it will provide information around the 

distribution of volume across varied conditions in AF, such as the effects of different 

competition levels (AFL vs VFL), match quarters (one through four), pre-season phases 

(the three different mesocycles), training drill modalities (four different training drill 

classification types used by the AF club investigated) and lastly, between match 

turnaround length (short, medium and long turnaround lengths experience during the 

2022 AFL home and away season).  
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 The use of cumulative distribution across the studies will provide a greater scope 

of understanding compared to previous research that has investigated the same or similar 

comparisons. This understanding will assist practitioners and/or coaches in regard to 

training prescription and the effect of various conditions i.e., turnaround length and 

competition level, on performance identified through the one minute maximal mean speed 

and accelerations achieved and whether these maximal means are maintained across the 

various comparisons. This knowledge can practically assist with training design in regard 

to specific drill selection based on what said drills accumulate, or providing further 

context to how volume is accumulated throughout a match. Understanding the 

accumulation of speed and acceleration during a match can quantify the total volume 

players accumulate and the interpersonal variation that exists. The quantification of 

volume and the comparison of this amongst players, through this novel analysis technique 

can provide specific information as to which speed or acceleration intensity volume is 

lacking. Therefore, training can be prescribed accordingly with the potential emphasis on 

particular drills for certain players, or additional top up conditioning to meet those 

specific intensities.  

1.3 Purpose of the studies 

CHAPTER 3. STUDY 1 – RELATIONSHIPS BETWEEN TRAINING 

MONITORING AND PLAYER MATCH PERFORMANCE IN PROFESSIONAL 

AUSTRALIAN FOOTBALL 

• This study sought to determine the validity of characteristics for understanding 

player match performance from one AFL club standard monitoring process during 

the 2019 AFL season.  

• The study also aimed to determine the relationship between coaches subjective 

ratings and Champion Data © player ratings.  

• A practical aim of this work was the determination of whether any training 

monitoring tools are being collected unnecessarily by the club, as determined by 

their weak relationship with match performance.  

CHATPER 4. STUDY 2 – PLAYER SPEED AND ACCELERATION VOLUME 

DISTRIBUTION WITHIN AN AUSTRALIAN FOOTBALL COMPETITION 
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• The purpose of this study was to determine the cumulative distribution of volume 

covered across the intensity spectrum for AF and examine the differences between 

level of competition (AFL vs VFL) and between match quarters (one - four).  

• Overall, this study aimed to provide context around whether competition level and 

match quarter influence the distribution of speed and acceleration across matches 

and if so, what the differences are between the different conditions.  

CHAPTER 5. STUDY 3 – SPEED AND ACCELERATION DISTRIBUTION 

ACROSS AN AFL PRE SEASON 

• The purpose of this study was to determine the cumulative distribution of volume 

covered across the intensity spectrum for the different pre-season phases and 

training drill modalities in AF.  

• Overall, the study aimed to provide further context around the differences if any 

in the speed and acceleration accumulated within the same training drill modality 

across different pre-season phases. 

• Secondly, the study aimed to quantify the overall differences between each 

training drill modality and each pre-season phase.  

CHAPTER 6. STUDY 4 – INVESTIGATING THE EFFECTS OF MATCH 

TURNAROUND ON SPEED AND ACCELERATION OVER AN ENTIRE AFL 

SEASON INVESTIGATING THE EFFECTS OF MATCH TURNAROUND 

TIMES 

• The purpose of this study was to examine the cumulative distribution of volume 

during the different turnaround lengths for the 2022 AFL premiership home and 

away season. 

• Secondly, the study aimed to further identify what stage of the training week 

accumulated the greatest volume and how the distribution of speed and 

acceleration alters between the two modalities.  

• Thirdly, this study was trying to determine whether the accumulation of speed and 

acceleration alters in training sessions and matches when there is a different 

number of days between matches.  
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2.1 Introduction to Australian Rules Football 

Australian Rules football is an intermittent contact sport with multiple physical qualities 

alongside numerous technical elements i.e., handballing, kicking and tackling (Johnston 

et al., 2018). The highest level of AF is the AFL comprising 18 teams (Johnston et al., 

2018). Australian football players need to demonstrate strength, agility, speed and have 

proficient muscular impulse and maximal aerobic power (Gabbett & Domrow, 2007). The 

total distance covered during a game by AF players has been reported in the literature as 

12620 ± 1872 m at high intensities (129 ± 17 m·min-1), much greater than any other 

football code, as the total distance covered in Rugby League is reported as 6276 ± 1950 

m and 10,274 ± 946 m in Soccer (Johnston et al., 2018; Varley et al., 2014). In AF, players 

typically cover 1322 ± 374 m of high-speed running (>5.5 m.s-1) (135.5 ± 3.85 m·min-1), 

with approximately two high speed running efforts (>3.9 m.s-1) per minute and 22 ± 9 

sprint efforts (>7 m.s-1) on average per game (Johnston et al., 2018; Varley et al., 2014). 

The range of distance covered, high-speed running and sprint efforts are influenced by 

physiological capabilities and technical and tactical differences of each playing position 

(Gabbett, 2006a; Johnston et al., 2018; Varley et al., 2014). Australian football provides 

players with more freedom in their movement as dictated through the rules of the game, 

where other sports such as rugby have to follow a more strategic structure given the rule 

of offside, and netball where players are restricted to different areas of the court based on 

their position (McIntosh et al., 2018a). This freedom in field movement allows players to 

perform multiple roles across the field, however they are still typically classified in a 

predominant playing position (Gallo et al., 2015).  

2.2 Activity Profile of Australian Rules Football 

In AF, each playing position has different physical and technical traits (Gallo et al., 2015). 

An example of the on-field positions and the positional set up can be seen in Figure 2-1. 

Further the half-forward flank and half-back flank are classified as small forwards and 

small backs, respectively, forward pocket and back pocket are classified as full/key 

forwards and key/full backs, respectively and lastly, wing, centre, ruck rover and rover 

are classified as midfielders, where all other positions listed have no classification 

difference (Brewer et al., 2010; Johnston et al., 2018). These classifications can be split 

into two main groups being nomadic (midfielders, small forwards and small defenders) 
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and fixed position players (key forwards and backs, ruck and centre half positions) 

(Brewer et al., 2010).  

There are multiple variables or conditions that can influence the metrics observed 

within matches and training, consisting of playing position (Brewer et al., 2010; Johnston 

et al., 2018), competition level (Brewer et al., 2010), stage of the match (Mooney et al., 

2013), stage of the season (Moreira et al., 2015; Ritchie et al., 2016) and also match 

turnaround lengths (Cormack et al., 2008; Esmaeili et al., 2018; Ryan et al., 2017).  

Therefore, the metrics recorded such as total distance, high speed distance, accelerations, 

decelerations and maximal speeds, are highly dependents on the contextual factors and 

will vary making it harder to determine a definitive number for what metrics an AF match 

produces.  

Within matches typically, nomadic players cover the greatest total distance 

(midfielders; 12637 ± 1637 m and small forward/back; 12963 ± 1575 m) and high-speed 

efforts (midfielders; 295 ± 51 and small forward/back; 292 ± 45) with centre half 

forwards/backs achieving the fastest velocity (29.6 ± 1.1 km.min-1 (Brewer et al., 2010). 

Fixed position players typically have the lowest work rate (full forward/backs; 119 ± 17 

m.min-1, centre half forwards/backs; 120 ± 10 m.min-1 and rucks; 123 ± 9 m.min-1) 

compared to nomadics (midfielders; 135 ± 12 m.min-1, small forwards/backs; 127 ± 9 

m.min-1; (Brewer et al., 2010), however, fixed position players perform the most 

accelerations and decelerations due to the nature of their position (Johnston et al., 2015b). 

Throughout the duration of a match total distance has been shown to reduce likely 

suspected from the effects of fatigue (Coutts et al., 2010; Wisbey et al., 2010) however, 

other research has identified consistency between total volume across the match resultant 

from the high conditioning level of the players at the elite level (Aughey, 2010). 

Suggesting that further research is required in this area investigating the effect of duration 

in the match on match variables and also whether this difference is evident across 

difference competition levels as well.  
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Figure 2–1 Overview of the playing positions and field set up in AF. Adapted from 

(Johnston et al., 2018). 
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As well as differences within positions and match duration, there are differences 

between the various levels of AF, being the elite level (AFL) and sub-elite, such as VFL 

or other state leagues. The total distance accumulated throughout matches is seen to be 

higher at the sub-elite level (12502 ± 1889 m) compared to elite (12311 ± 1729 m), 

however, the elite level demonstrates greater movement demands overall compared to 

sub-elite identifying the elite level as higher intensity (Brewer et al., 2010). More recent 

research into AF has reported one minute maximal mean speeds achieved in matches at 

the elite level of 199 – 222 m·min-1 (Delaney et al., 2017) supporting this notion of a 

higher intensity match experience in elite compared to sub-elite levels.  

Differences in total distance and intensity are also observed at different stages of 

the season, where the season can be broken down into two overruling phases, being pre-

season and in season. The pre-season phase can further be broken down into three smaller 

phases, or mesocycles, where there is a different focus in each phase that is periodised 

into players training programs (Bompa & Haff, 2009; Moreira et al., 2015; Ritchie et al., 

2016). Typically training sessions during the first pre-season phase sees players 

accumulate a large amount of distance often at lower intensity (20000 ± 8200 m, 99 ± 

201 m.min-1), where players are trying to develop their aerobic base and improve overall 

fitness conditioning (Farrow et al., 2008; Moreira et al., 2015; Ritchie et al., 2016). During 

the second pre-season phase, training sessions tend to increase in volume and intensity 

(21400 ± 7300 m, 101 ± 152 m.min-1) (Ritchie et al., 2016) as there is an increased 

importance in drill prescription that simulate or exceed match intensity incorporating both 

technical and tactical components. The last phase of the pre-season is when players are 

playing in practice matches which is preparing them for the preceding competition season 

where training volume is often reduced through both distance and intensity (10200 ± 5600 

m, 98 ± 149 m.min-1) , as the practice matches provide high intensity exposure throughout 

this phase (142 ± 73 m.min-1) (Ritchie et al., 2016). The final pre-season phase also 

provides players with the opportunity to rest and recover to best position themselves for 

the competitive season where there is often a focus on recovery and rejuvenation (Slattery 

et al., 2012).  

During the in season phase, training loads are relatively well maintained and 

comparative to those of the third phase of pre-season, as matches are now the key 

contributor to players overall training load, where players accumulate the greatest 
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distance and intensity for the week (13,300 – 13,500 ± 1700 m, 132 – 133 ± 57 – 80 

m.min-1) (Ritchie et al., 2016). Despite the well reported differences between different 

stages of the season, it is still underreported as to the differences between different types 

of training drills prescribed through said phases. Understanding the differences between 

various training drills can provide further context for practitioners to reference to in their 

training drill prescription. Often in the literature training drills are broken into warm up, 

skills, conditioning, small sided games and match simulation (Ritchie et al., 2016), 

however, no further analysis is reported within the skills category. Research published in 

2017 provides a great example of how there are numerous skill based drills designed and 

implemented within an AF club (Corbett et al., 2017), where this particular research 

investigated 35 different training drills consisting of small sided games with various 

conditions (i.e., field size, players, area of the ground), skills based drills (i.e., tackling, 

kicking or handballing focused) and various defensive or attacking style drills. The 

investigation conducted by Corbett et al. (2017) however, was seeking comparison 

between performance in matches and training rather than quantifying the differences of 

how training volume is accumulated through different drills.   

Another underreported comparison in the literature is the difference in training 

load accumulated when there are a different number of days between matches during the 

competitive season i.e., between match turnaround length. In AF the season is designed 

where teams play one match per week on a day allocated in the fixture where the between 

match turnaround length can vary every week (Moreira et al., 2015). Following the model 

of periodisation, training volume and intensity are manipulated based on the between 

match turnaround length for each given week. Regardless of the length of the turnaround, 

matches always accumulate the greatest distance and intensity throughout the week when 

compared to training, likely resultant from the difficulties of replicating match demands 

in training (Corbett et al., 2017; Gabbett & Mulvey, 2008) and the periodisation model in 

which training loads need to be carefully monitored throughout the week. Training 

volume is often reduced during short (<6 days) and long (>12 days) turn around lengths, 

as seen through a reduction in total distance accumulated (Esmaeili et al., 2020; Ryan et 

al., 2017). This reduction in distance can be attributed to a decreased opportunity for 

players to train (Ryan et al., 2017), whereby shorter turnarounds do not provide enough 

days to allow recovery and multiple training sessions on top, given it takes players four 

days to recover post-match (Cormack et al., 2008). The differences in total volume across 
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varying between match turnaround lengths have been minimally reported in the literature, 

however, no further investigations have elaborated on these findings to provide more 

context around the accumulation of speed and acceleration across varying intensity and 

whether the same accumulation is evident in matches when there has been a different 

number of days between matches.  

Australian Football players need to be a well-rounded athlete with strong tactical 

and technical skills to provide the environment for players to best perform (Coutts et al., 

2010; Gray & Jenkins, 2010; Heasman et al., 2008; Johnston et al., 2018; Robertson et 

al., 2016; Sullivan et al., 2014). Despite these quantifiable differences in matches, coaches 

perceptions have been reported as being influenced from a players skill involvement more 

so than their physical work rate (Sullivan et al., 2014) and nomadic players often have 

the most skill involvements per minute, 0.17 ±  0.06 (Hiscock et al., 2012). Skill 

involvements have shown to have a small correlation to movement variables such as total 

distance (m) and work rate (m·min-1) (ES = 0.1 ± 0.01) (Mooney et al., 2011), but a 

moderate correlation with high intensity running (m·min-1) (r = 0.28, p<0.001) (Hiscock 

et al., 2012). As skill involvement is a poor indicator of match performance (Heasman et 

al., 2008; Johnston et al., 2012), Champion Data © rating points can instead be used as a 

performance indicator (Hiscock et al., 2012; McIntosh et al., 2018b; Mooney et al., 2011), 

which will be further discussed in section 2.6.1.1. 

Players respond differently to training, which can also fluctuate day to day and 

between modalities, resultant from individual differences (Mann et al., 2014; Vollaard et 

al., 2009). There are known differences in load tolerance and injury risks between players 

which may have some correlation to positional differences, however, there is no 

conclusive evidence to support what the physiological differences are that result in said 

variances. It is not as simple as categorising players responses based on their playing 

position as not all players from the same positional group respond the same way 

(McIntosh et al., 2018a). Research has been conducted in AF to determine similarities 

and dissimilarities between playing positions to classify players into a priori determined 

player role categories and to identify the closeness of playing style between individuals 

(McIntosh et al., 2018a). Figure 2-2 displays the descriptive statistics of the relative 

contributions from each of the AFL Player Rating categories identified by Champion 

Data©, by each player role classification across the 2016 season adapted from McIntosh 
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et al. (2018a). It can be seen in Figure 2-2, key defenders and general defenders receive 

the greatest involvements regarding intercepts, where ruck, midfield, midfield-forward 

and general forwards have a larger diversity in their skill involvements and lastly, key 

forwards have their greatest skill involvements  from mid-chain (McIntosh et al., 2018a). 

Mid-chain involvements as classified by Champion Data© are classified as points gained 

through possessions at stoppages or as intercepts (Champion Data Pty Ltd., Melbourne, 

Australia), which are further elaborated on in Table 2-4, as part of section 2.6.1.1. These 

differences observed in Figure 2-2, were not investigated as to why these differences 

existed as the reasoning behind why players respond to training differently is attributed 

to the individual. To create tailored training for players, sport specific demands and their 

individual responses, it is crucial to follow basic training principles in the program design 

which will be explained further in the following section.  

 

 

Figure 2–2 Descriptive statistics of the relative contributions from each of the AFL Player 

Rating categories identified by Champion Data©, by each player role classification across 

the 2016 season adapted from McIntosh et al. (2018a). 
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2.3 Training Process in Football  

2.3.1 Training Principles 

Training is the process of preparing athletes for performance in a physical, tactical, 

technical, and psychological sense (Bompa & Haff, 2009; Lambert et al., 2008). The goal 

of training is to improve performance (Banister et al., 1991), where physical performance 

can be quantified as a result of fitness minus fatigue, a point that will be further explained 

in section 2.8.1. Achieving peak performance is still an area being explored as there is no 

guaranteed method that will produce peak performance given every sport is different 

(Lambert et al., 2008).  

Each training session induces a myriad of acute responses through physiological 

stress, which if continued have the potential to create chronic adaptations (Brooks et al., 

2005; Coyle, 2000). Physiological stressors include but are not limited to; increased heart 

rate, increased oxygen uptake, increased oxygen consumption, increased body and 

muscle temperature, increased respiration, increased perspiration, heightened stress 

hormones and movement specific muscle recruitment (Brooks et al., 2005). The type and 

effect these training adaptations have on athletes are dependent on the training stimulus, 

determined by the prescription of training (Brooks et al., 2005; Coyle, 2000). Training 

stimuli includes variables such as; mode; the type of training session i.e. swimming, 

running, kicking drills, match simulation, intensity; how hard the training session is, 

duration; how long the training sessions runs for and frequency; how often the training 

sessions is completed.  

Training adaptations are designed and implemented as a means of enhancing 

performance and reducing the risk of injury (Lambert et al., 2008). There is a fine line 

with training prescription where, too little exposure to physiological stressors do not 

induce adequate adaptations or too much stress causes maladaptations, where both 

scenarios result in suboptimal performance (Budgett, 1990; Derman et al., 1997). To best 

prepare athletes to achieve peak performance, multiple fitness components need to be 

trained or monitored to best understand athletes and prepare competitions or 

performances. In AF the key physical attributes are known to include; aerobic fitness, 

speed, agility, strength, power and body composition (Johnston et al., 2018). Training 
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sessions needs to consider these fitness components within the design and can be 

manipulated to suit the needs of the athlete or team, sport, and the phase of training. In 

AF, aerobic fitness (Bellenger et al., 2015; Buchheit & Laursen, 2013; Lorenzen et al., 

2009), speed (Johnston et al., 2018) and agility (Johnston et al., 2018; Pyne et al., 2005) 

can all be targeted in different drills throughout training, where body composition can be 

targeted through off-field gym based training (McGuigan et al., 2006; McGuigan et al., 

2012) and nutritional education (Sánchez-Díaz et al., 2020). To effectively design training 

there are six basic principles that need to be considered; specificity, individuality, 

overload, maintenance, reversibility, and periodisation which will further be explained 

following.  

2.3.2 Specificity 

In a training sense, specificity refers to adaptations being dependent on the type of training 

stress, where the greatest increases in performance are resultant when the physical and 

movement demands in training mimicking those in a match/performance for each 

individual (Rushall, 1990). However, if you simply program every training session to 

replicate match performance this can lead to greater susceptibility to injury or 

overtraining for athletes, dependent on the intensity of the relevant movement demands 

from their sport (Young, 2006). Training needs to be a programmed trade-off between 

exposing athletes to match/performance intensity and training load to induce sufficient 

physiological stressors whilst also providing the necessary time for recovery and 

technical and tactical development. The principle of specificity not only relates to the 

mode of training i.e., running, swimming, strength sessions, but also the muscle groups 

targeted and energy systems trained (Birch et al., 2005).  

Team sports pose a challenge for coaches to make training specific to their athletes 

because they typically train together (Los Arcos et al., 2015). As previously mentioned 

in section 2.2, athletes respond differently from the same stimulus (McIntosh et al., 

2018a), therefore, athletes might perform a similar amount of physical work (external 

training load) however, it will elicit different responses internally (Halson, 2014). 

Emphasising the importance for practitioners to design training incorporating physical 

and tactical components targeted to replicate match demands to best position athletes to 

improve their performance (Corbett et al., 2017), which will be further discussed in 
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section 2.4.1.1. It is understood training specificity is important for performance, but it is 

also crucial for training to be specific to the individual as everyone responds in a different 

way leading to the next principle of individuality.  

2.3.3 Individuality 

An individual’s response to training is a process unique to that particular individual as no 

one will respond in exactly the same way (Bourdon et al., 2017). For example, a player’s 

ability to tolerate the physical and psychological work they are completing (load 

tolerance), susceptibility to injury, physiological and psychological changes and body 

composition all vary (Halson, 2014). These varied responses between individuals are 

commonly attributed to hereditary differences (Bouchard et al., 1999) including; cell 

growth and repair, metabolism and nerve and hormone regulation (Birch et al., 2005), but 

these can be influenced by behavioural and environmental factors such as sleep (Kentta 

& Hassmen, 1998), nutrition (Hawley et al., 2011) and recovery (Stanley et al., 2013). 

Inter-individual differences are commonly reported in the literature, for example, resting 

heart rate (Scharhag‐Rosenberger et al., 2012), heart rate variability (Aubert et al., 2003), 

maximal oxygen uptake (Scharhag‐Rosenberger et al., 2012; Vollaard et al., 2009), 

exercise systolic blood pressure (Bouchard & Rankinen, 2001), aerobic threshold 

(Prud'homme et al., 1984) and anaerobic threshold (Scharhag‐Rosenberger et al., 2012).   

Individual variation can produce a myriad of responses where an athlete may be 

a low responder to one training response, but this does not mean they will be a low 

responder across all training responses (Mann et al., 2014; Vollaard et al., 2009). Training 

responses were originally studied by comparing the mean differences between athletes 

(Bouchard, 1983), however, this did not accurately reflect athletes who may have been 

high responders for some responses and not others as only a mean score was analysed. 

The concept of training monitoring has vastly improved with the advancements of 

technology available and increasing involvement from practitioners, increasing the 

capability to accurately measure training responses which will be further discussed in 

sections 2.4 and 2.5.  
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2.3.4 Overload 

The principle of overload is the systematic approach of exposing athletes to new stressors 

at regular intervals exceeding the previous stress to induce new adaptations (Lambert et 

al., 2008). Too little or too much physiological stress can result in suboptimal 

performance, therefore it is important that the new stressors are introduced at an 

appropriate time to provide an ideal environment for the athletes to adapt. The process of 

overload starts by imposing a physiological stress on an athlete, initiating a homeostatic 

reaction causing physiological and metabolic changes, returning the body to normal 

resting levels which if continued over time will cause the “baseline” to then shift to a 

level that was previously a stressor (Birch et al., 2005; Coyle, 2000; Lambert et al., 2008). 

For example, an athlete completing a bicep curl for eight repetitions with 12 kg, initially 

the body will respond to this as a stressor but after a time interval in which this exercise 

has been repeated, the exercise will become easier and eight repetitions with 12 kg will 

become the new baseline for which overload can be applied through manipulating various 

principles.  

To manipulate the stress, overload can be imposed through changes in frequency, 

duration, intensity, and recovery (Bompa & Haff, 2009). Frequency and duration refer to 

the amount of sessions per week, cycle or even day and the total time taken for a training 

session, respectively  (Lambert et al., 2008). Intensity is more complex as there are 

multiple ways to manipulate intensity within a training session which generate the 

greatest adaptations in players directly influencing their performance capacity (Lambert 

et al., 2008). Table 2-1 shows a list of some alterations that can be incorporated into AF 

training sessions to manipulate the intensity.   

The final umbrella category to manipulate stress is recovery, referring to the time 

between training sessions, and more specifically between exercises or repetitions. 

Recovery can be altered through changing the rest time between 20 m sprint efforts in on 

field training or between exercises in a gym session.  Although often neglected (Lambert 

et al., 2008), recovery can be argued as the most valuable principle as it controls whether 

physiological stress induces adaptations or maladaptations. Referring to the example 

earlier with the bicep curl, taking into consideration these principles, to overload the 

athlete completing 8 repetitions of 12 kg, you could either increase the weight to 14 kg, 
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decrease the rest time between sets or increase the frequency you complete the exercise 

to name a few possibilities. As mentioned, elite athletes adapt at slower rates as they are 

already exposed to such high training stimuli, therefore it can take a week if not longer 

before a 1% increase can be achieved emphasising the need to overload slowly and 

cautiously in elite populations (Birch et al., 2005).  

 

Table 2–1 Examples of intensity manipulation in AF training sessions 

Type of training session Intensity manipulation 

Gym sessions • Machine weights vs free weights 

• Changing the exercise order 

• Single limb vs multi limb exercises 

• Speed of exercises 

• Varying the amount of repitions  

On-field sessions • Setting target times for various drills i.e. 20 m sprints 

under 3 seconds, 4 seconds and 5 seconds 

• Increasing the pressure in match simulations 

• Incorporating decision making components into 

running drills 

• Reducing the size area a drill is completed in i.e. 3 v 3 

handball drill in a 20 m² area, then reduce the size to 10 

m² 
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2.3.5 Maintenance 

The principle of maintenance refers to when athletes have developed the desired level of 

adaptation for that component and the goal is to maintain this level without necessarily 

increasing it (Birch et al., 2005). In saying this, to continue to maintain the achieved 

adaptation level, targeted training must continue, however, it may reduce in frequency 

i.e., pre-season was four long distance running sessions targeted at cardiovascular fitness 

but in season you only complete two long distance sessions.  

It is unlikely a coach/practitioner is able to program every single fitness 

component with equal importance across a week for maximal improvements so it is 

common to target one or two key components while maintaining the remainder for a 

period of time then shifting to target the next desired area (Birch et al., 2005). In a soccer 

pre-season training was targeted at aerobic fitness and strength and as the season 

approached, the training shifted to a focus on speed and power (Birch et al., 2005). A 

similar pattern can be seen in AF as it is common for pre-season training to focus on 

fitness and large strength gains and as the competitive season nears, training shifts focus 

to more high-speed efforts and match simulation with strength focused on power and 

maintenance (McGuigan et al., 2009; Moreira et al., 2015; Ritchie et al., 2016). All fitness 

components in AF are important to varying degrees, however, different levels of 

importance are inherently placed on each component and training reflects this in the 

different phases (Johnston et al., 2018; Young et al., 2005). 

2.3.6 Reversibility 

Regular training exposing athletes to physiological stressors prevents the homeostatic 

reaction to reset to baseline levels closer to pre-training levels, where the longer the period 

without training, the further the baselines regress (Birch et al., 2005; Mujika et al., 2004). 

This effect can be described as “detraining” where the adaptations gained through training 

are overturned, directly reducing performance at both the maximal and submaximal level 

(Birch et al., 2005). Due to the high levels of training elite athletes complete, the effect 

of detraining takes longer to cause a negative effect when compared to an active adult 

from a general population (Birch et al., 2005). Detraining over a period as long as four 

weeks in elite athletes caused significant decreases in muscle strength (Mujika & Padilla, 
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2000), physiological capacity i.e., oxygen uptake, stroke volume, cardiac output (Mujika 

& Padilla, 2001) and effect proprioception (Kouzaki et al., 2007). These reversed 

maladaptations are commonly caused in the elite population through injury, competition 

schedule, retirement or season intervals (Dai et al., 2012).  

 Four weeks of missed or insufficient training has a known significant effect on 

training adaptations (Mujika & Padilla, 2000), emphasising the detrimental effect of an 

injury, which in turn would result in a longer period of reversibility determined by the 

dynamics of the injury. Injuries cannot be avoided but they can be accounted for once 

they occur. It is important for practitioners around elite athletes to develop targeted and 

specific management programs to optimise athlete’s recovery to reduce the effects of 

detraining as much as feasible. 

2.4 Training Design in Football 

2.4.1 Periodisation 

Training prescription traditionally, has followed the model of periodisation, a concept 

where coaches divide a time continuum into manageable time frames with individualised 

goals (Bompa & Haff, 2009). The training prescribed within each time frame is 

manipulated through load, volume, and intensity (Bompa & Haff, 2009; deCunanan et 

al., 2018; Mujika et al., 2018). The training phases prescribed by coaches can be split into 

two overruling phases; preparation and competition, which can further be broken down 

into; general preparation, specific preparation, precompetitive, main competition and the 

taper (Bompa & Haff, 2009). The training load, volume and intensity can all be monitored 

through appropriate training monitoring techniques which will be further elaborated on 

in section 2.5.  

2.4.1.1 Training Mesocycles during a Football Season 

During a football season there are only two phases of training; pre-season and in-season 

(Moreira et al., 2015). Then within these two overruling phases, there are numerous 

mesocycles which are a typical duration of four to six weeks, where there is a key focus 

within each mesocycle (Bompa & Haff, 2009; Moreira et al., 2015; Ritchie et al., 2016). 
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2.4.1.2 Pre-season vs In-season 

In football, pre-season is the phase in which there are high training loads with an emphasis 

on increasing the physiological demands placed on athletes (Gabbett & Domrow, 2007). 

The pre-season phase in AF specifically, can be broken down into three different 

mesocycles associated with the time period of pre-Christmas, post-Christmas and pre-

competition (Buchheit et al., 2015; Ritchie et al., 2016). Alternatively, the in-season phase 

has a more varied structure in which the number of mesocycles can vary dependent on 

how far a team makes it through the season i.e. making the finals series or finishing at the 

end of the home and away season. A study in sub-elite rugby players showed training 

load to be greatest during the pre-season, with reductions in the pre-competition phase 

and reducing as the season continued (Gabbett & Domrow, 2007). Supported by research 

conducted in AF, where there were 20,448 individual training sessions reported across a 

season with 10,956 in the pre-season and 9,492 in-season (Moreira et al., 2015).  

The clear difference between pre-season and in-season is the presence of matches, 

where pre-season only comprises training sessions, where in-season comprises both 

training and matches. This directly alters the overruling aim between phases, where in-

season is centralised around recovering between matches and allowing for optimum 

performance (Moreira et al., 2015; Slattery et al., 2012). Matches accumulate the greatest 

training load within the training week (shown in Figure 2-3) as they are the most 

demanding task from the week (Los Arcos et al., 2017; Moreira et al., 2015). As seen in 

Figure 2-2, all training session types excluding matches show a reduction in training load 

in the in-season phase, providing the room for the increased training load accumulated 

through matches, following the training principles aforementioned in section 2.3. By 

reducing the training load accumulated in other training sessions, this lessens the risk of 

overload, given the greater training load accumulated through matches.  

Another variable that changes between the two phases, is training intensity which 

is shown to increase during the in-season phase. Table 2-2 displays data collected from 

different football codes and the differences between the proportion of high intensity 

sessions per week pre-season compared with in-season. Moreira et al. (2015) defined high 

intensity sessions as those rated greater than seven using the Borg CR-10 RPE scale, 

whereby Algroy et al. (2011) utilised a 10 point session RPE scale, where greater than 
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seven was categorised as high intensity sessions. With increasing intensity and training 

load accumulation is the increased emphasis and importance for recovery and accurate 

training monitoring protocols in place to be able to accurately track athletes during their 

training (Moreira et al., 2015).  

 

Figure 2–3 Training load (arbitrary units) for each type of training session across pre-

season and in-season phases in AF adapted from (Moreira et al., 2015).  

 

Table 2–2 Training Intensity as reflected through the distribution of high intensity 

training sessions from the training week across different football codes.   

Training Intensity (number of high-
intensity sessions) 

Sport Reference 

Pre-season In-season 

18.1% 22.7% AF (Moreira et al., 2015) 

27±4% 38±6% Soccer (Algroy et al., 2011) 
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2.4.1.3 Intra-phase training session modalities  

Matches are known to accumulate the greatest training load per week during in-season, 

however, changes in training load between different training session modalities excluding 

matches is less reported. Literature appears to report findings using modalities such as; 

skills (Corbett et al., 2017; Farrow et al., 2008; Moreira et al., 2015; Ritchie et al., 2016; 

Thornton et al., 2020), weights/resistance training (Ritchie et al., 2016), other (Moreira et 

al., 2015; Ritchie et al., 2016) and running/conditioning (Corbett et al., 2017; Moreira et 

al., 2015; Ritchie et al., 2016; Thornton et al., 2020). Other is a category that comprises 

any off field conditioning or rehabilitation sessions which can include modalities such as; 

boxing, cycling, swimming, cross-training, balance, pilates or hydrotherapy (Moreira et 

al., 2015; Ritchie et al., 2016).  

 When analysing training session modalities, excluding matches, skills and 

running sessions accumulate the greatest training load throughout pre-season (Moreira et 

al., 2015; Ritchie et al., 2016; Thornton et al., 2020). Understandable given the overruling 

aim of pre-season being to increase the physiological demands placed on athletes 

(Gabbett & Domrow, 2007), where it is known the best training prescription to elicit 

performance gains, is through replicating match demands in training (Barris et al., 2013; 

Pinder et al., 2011). It has become common practice within training prescription to 

include match simulation drills, often in the form of small sided games to try and expose 

athletes to said demands before their exposure to matches (Barris et al., 2013; Pinder et 

al., 2011). 

2.4.1.4 Replicating Match Demands – The use of Small Sided Games 

Small sided games (SSG), using reduced field sizes or reduced players have become the 

norm for most elite sporting clubs and are one of the most common drills used in football 

(Hill-Haas et al., 2011). Small sided games are designed to incorporate match 

performance into a training setting aiming to target the technical and tactical strategies of 

the game whilst simultaneously improving physical fitness (Hill-Haas et al., 2011). It has 

become common practice in AF training sessions to incorporate SSG and larger match 

simulation drills, however there are limitations associated with training given the 

difficulties in replicating match demands  (Corbett et al., 2017; Gabbett & Mulvey, 2008). 



Quantifying running volume in elite Australian Football players 

 26 

Physiological changes have been identified that confirm athletes are capable of working 

at a high intensity during SSG through measures of lactate concentration and heart rate 

(Halouani et al., 2014), reflecting a change in physiological capacity. However, these 

responses are heavily dependent on the training conditions where changes in pitch size, 

players on field, duration of the game or any other changeable factor can have a 

considerable effect on the intensity of the SSG (Halouani et al., 2014).   

These simulation drills fail to provide the same environment, which has been 

quantified through less kicks under pressure and fewer kicks being completed in under 

two seconds (Corbett et al., 2017). This can be explained through the dynamic nature of 

AF (Appleby & Dawson, 2002) comprising both technical and tactical capacities (Corbett 

et al., 2017). With any motor skill, regardless of the sport there are three inter-related 

constraints that can affect our ability to perform said skill, being related to the individual, 

environment or task/performance environment (Magill, 2021). A model originally created 

by Newell (1986), termed “Newell’s model of constraints”, has now been adapted more 

recently in a sporting context by Magill (2021). In AF specifically, examples of these 

constraints can be anthropometric variables such as height and weight or physiological 

capacity for the individual, external pressure from opposing players or teammates for 

environment and lastly, rules of the games or requirements within a drill for the task 

(Corbett et al., 2017). Constraints although individual and from different areas, are all 

heavily influential over consequential responses, making it extremely challenging for 

practitioners to replicate match demands in training, as matches appear to always 

accumulate more training load (Corbett et al., 2017; Gabbett & Mulvey, 2008; Moreira et 

al., 2015; Ritchie et al., 2016).  

2.5 Training Load 

Training load is a function of volume and intensity and can be considered as the actual 

work completed (external load) and how an athlete responds to that work (internal load) 

(Bourdon et al., 2017; Halson, 2014). To adapt to training you must place the body under 

stress and in doing so expose athletes to moderate to high training loads, however, this 

has the potential for negative side effects such as fatigue, illness or injury (Gabbett, 2016; 

Halson, 2014; McLaren et al., 2018). The relationship between stress and fatigue can be 

described as a “training-injury paradox” (Gabbett, 2016) in which there is a trade-off 
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between training too low or high and injuries (Figure 2-4). There is no one definitive 

measure for training load that can be used, instead measures need to be considered 

through a combination of monitoring tools reflective of the sport including the individual 

circumstances of the athletes within a team (Halson, 2014). The trade-off between load 

and injuries emphasises the importance of monitoring training load to aid in reducing the 

risk of illness and injuries as much as possible for what is within control. Training load 

monitoring is a concurrent measure of physiological and psychological stress. It has 

become common practice in elite team sport as its quantification can assist coaches and 

support staff providing information relevant to an athlete’s readiness to train (Bourdon et 

al., 2017; Buchheit, 2014; Myers et al., 2017).  

 

 

Figure 2–4 Training-injury paradox adapted from (Gabbett, 2016) redrawn from 

(Orchard, 2012). 

 

2.5.1 Measurement systems for External Load 

External training load is the actual work completed by the individual that can be measured 

through various monitoring tools (Halson, 2014). External training load can largely 
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influence an individual’s internal training load as it can be expected, the harder you train, 

the more fatigued you feel, given the physical amount of work you do has a high 

correlation with how you subjectively feel (Halson, 2014). In team sports, the monitoring 

tools focused on are those that quantify variables such as speed, acceleration, power, and 

distance covered. Global Navigation Satellite Systems (GNSS) are the norm in AFL clubs 

now as they provide real time data of the athletes movement demands during trainings 

and matches (Gray & Jenkins, 2010). This technology allows measurement of athlete 

movement patterns, through measuring variables such as total distance, high speed 

running, accelerations and decelerations (Rampinini et al., 2015; Varley et al., 2012b). 

The analysis of movement patterns provide an indication to how the athlete is 

performing, responding to training stimuli and adherence to prescribed training intensity 

and training load (Cummins et al., 2013). Global Navigation Satellite Systems are a 

reliable and valid training monitoring tool, where extensive reliability and validation 

studies have been conducted, most notably the studies conducted through FIFA’s Quality 

Performance Reports for Electronic Performance Tracking Systems (Retrieved July 2, 

2023, from https://www.fifa.com/technical/football-technology/standards/epts/fifa-

quality-performance-reports-for-epts). According to the most recent testing conducted on 

the various tracking technology systems, Catapult Sports (Victoria, Australia, Vector S7 

units) meet the international match standards criteria and are rated highly for accuracy 

and consistency. Alternate options for player tracking include local positioning systems 

(LPS) and also optical tracking. Local positioning systems collect the same type of data 

as GNSS, however, it is collected through locally installed short-range signalling beacons 

and optical tracking is where athletes are tracked real-time through reflection markers 

followed through one to multiple camera systems.  

2.5.1.1 Athlete Tracking Systems 

Tracking athletes allow practitioners to know an athlete’s position, displacement, velocity 

and acceleration which is of utmost importance to training prescription and load 

monitoring (Aughey, 2011). Athlete tracking is a useful tool given the units have the 

ability to provide quantified real-time feedback to aid in training load prescription and 

match day decisions (Torres-Ronda et al., 2022; Vanrenterghem et al., 2017). Various 
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modalities for athlete tracking exist, including time-motion analysis, semi-automatic 

tracking and wearable sensors, which includes, accelerometers, GNSS and LPS. 

Accelerometers report on the frequency and magnitude of movement in the three 

dimensions, medio-lateral, anterior-posterior and longitudinal planes (Boyd et al., 2013). 

Global navigation satellite systems provide location information through time signals sent 

to satellites orbiting the earth (Larsson, 2003) from which athletes’ movements can be 

derived, where LPS track the same movements through time signals sent to an antenna 

located near the data collection area (Aughey, 2011). Accelerometers can also be 

incorporated inside GNSS units which has been reported in the literature through Boyd 

et al. (2013).  

Given the vast amount of tracking technologies and products, it is crucial that 

practitioners utilise technologies and make decisions regarding data collection and 

analysis that are both specific to the sport and the environment in which data collection 

is taken (Torres-Ronda & Schelling, 2017). Investigating these technologies in AF 

specifically, GNSS systems are used competition wide, where LPS systems are used when 

matches are played at indoor stadiums (n=1 indoor stadia). Further explanation and 

application of the different tracking systems will be explained in the following sections.  

2.5.1.2 Accelerometers 

Accelerometers are a small, lightweight unit that can measure movement across the three 

different dimensions which are termed medio-lateral, anterior-posterior and longitudinal 

planes (Boyd et al., 2013). Accelerometers sample at a high frequency, 100 Hz, and have 

been used to quantify the external load in team sports, specifically, rugby league 

(Cunniffe et al., 2009; Fox et al., 2020; Gabbett, 2015), team sport training (Wundersitz 

et al., 2015), netball (Cormack et al., 2014) and AF (Boyd et al., 2013).  

Using accelerometers provides practitioners with more data and information 

around motion, more specifically acceleration, where the key variable of interest is 

PlayerLoadTM (Boyd et al., 2011; Boyd et al., 2013; Cormack et al., 2013; Scott et al., 

2013). PlayerLoadTM is a measure that identifies external load for an individual and can 

quantify this load in elite team-sports (Montgomery et al., 2010). PlayerLoadTM is 

calculated through an equation (Figure 2-5) comprising the instantaneous rate of 
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acceleration in all three dimensions relative to the sampling frequency of the unit itself 

and is expressed in arbitrary units (AU).  

 

 

Figure 2–5 PlayerLoadTM equation taken from Bredt et al. (2020). 

 

The data derived from accelerometers is able to inform practitioners about 

differences in PlayerLoadTM between different playing positions, competition levels and 

different modalities i.e. training vs matches (Boyd et al., 2013) for AF, as well as collision 

information for rugby (Gabbett et al., 2010). It has been reported that midfielders have a 

higher PlayerLoadTM compared to nomadics and deeps, where deep players are key 

position players who are located mostly in either the attacking or defending areas of the 

ground (Boyd et al., 2013). Comparing between competition levels has shown that elite 

midfielders, nomadics and ruckmen all accumulate higher PlayerLoadTM compared to 

their sub-elite positional equivalent (Boyd et al., 2013). Lastly, matches are also found to 

accumulate greater PlayerLoadTM when compared to training sessions (Boyd et al., 2013), 

supported by findings mentioned in section 2.4 when referring to training load. When 

activity is of low velocity (<2 m∙s-1), PlayerLoadTM, specifically PlayerLoadTMSlow,  is 

inconsistent suggesting, accelerometers may be beneficial tools to utilise when looking at 

low velocities as other technology such as GNSS devices that contain accelerometers may 

underestimate PlayerLoadTM resultant from issues with satellite access for such low level 

activities (Boyd et al., 2013).  

PlayerLoadTM as measured through accelerometers also has the capability of 

providing information that can indicate neuromuscular fatigue in elite soccer players 

(Rowell et al., 2018). Athlete’s activity profiles were seen to change during a standardised 

SSG as a result from a change in the athletes movement strategy which is correlated to a 

greater contribution from the mediolateral aspect of their PlayerLoadTM , suggesting 
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standardised SSG are a good tool to use in identifying neuromuscular fatigue (Rowell et 

al., 2018).  

Accelerometers are beneficial to practitioners given they are a cheaper tool when 

used on their own (i.e., not housed within a GNSS unit) to quantify accelerations.  

However, accelerometers do have several limitations. The overruling limitation using 

accelerometers, is they do not account for the position of the player in space therefore 

velocity, displacement and total distances cannot be quantified (Boyd et al., 2013; 

Osgnach et al., 2010; Varley et al., 2012a). In AF specifically, practitioners heavily 

depend on velocity and total distance metrics to aid in training prescription/design and 

also to make real time adjustments during training sessions if needed (Aughey, 2011). 

Therefore, wearable sensors that track player positions would be better suited to sports 

where coaches are interested in velocity and distance.  

2.5.1.3 Global Navigational Satellite Systems 

Team sport support staff often use GNSS to measure the distance covered by athletes 

through tracking positional differentiation (Bourdon et al., 2017; Scott et al., 2016). 

Different GNSS device manufacturers use different sampling frequency ranging from 1 

Hz to 15 Hz, where higher sampling frequencies appear to increase the validity and 

reliability of GPS devices (Jennings et al., 2010a). There is evidence to support 5 Hz 

surpassing 1 Hz (Jennings et al., 2010a) and for 10 Hz surpassing 5 Hz (Varley et al., 

2012b), however, research on 15 Hz in comparison to 10 Hz does not show any significant 

changes (Johnston et al., 2014) suggesting the effect of sampling rate is only 

consequential up to 10 Hz (Scott et al., 2016). However, multiple changes in velocity can 

affect the ability to accurately measure velocity (Varley et al., 2012b), resulting in a level 

of caution when interpreting any directional metrics i.e., acceleration, deceleration and 

change of direction (Bourdon et al., 2017).  

Due to the nature of reliability testing, testing for within-unit reliability is 

extremely difficult as it requires human participants to identically replicate exercise with 

all of the same metrics (Bourdon et al., 2017). The way to account for this or lessen the 

variance of potential within-unit discrepancy is to fit athletes with the same GPS device 

on every occasion (Jennings et al., 2010b). Metrics that can be determined using GPS 
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devices include, distance (m) and velocity (Akenhead et al., 2016; Ritchie et al., 2016). 

Velocity can be further broken down into different speed thresholds i.e., sprints; >7 m/s 

(Bourdon et al., 2017), high velocity distance; >5.5 m/s m∙s-1 (Lazarus et al., 2017) , high 

accelerations; >3 m∙s-2 (Bourdon et al., 2017; Lazarus et al., 2017) and decelerations; <-

3 m∙s-2 (Lazarus et al., 2017). Acceleration, can also be calculated as the rate of change 

of speed and can be reported in various thresholds i.e. acceleration efforts (Wisbey et al., 

2010) or acceleration load (Thornton et al., 2020; Thornton et al., 2022). There is also the 

ability to change these velocity thresholds with the platforms provided by the product 

manufacturer.  

2.5.1.4 Local Positioning Systems 

Local positioning systems are often used for highly specific purposes to utilise their 

advantageous properties when compared to GPS units. Advantage of LPS units include; 

higher sampling frequencies (Gray et al., 2010), ability to function indoors and inside 

stadiums (Buchheit et al., 2014; Frencken et al., 2010), greater accuracy in determining 

players positions (Ogris et al., 2012), smaller physical units (Seidl et al., 2016) and 

supporting tactical analyses (Ogris et al., 2012). Due to the localisation of the antenna in 

relation to the data collection area, LPS units are able to sample at higher frequencies 

(Stevens et al., 2014). KINEXON ONE is an LPS unit that samples at 20 Hz (KINEXON 

Precision Technologies, version 1.0, Munich, Germany). However, 20 Hz LPS units have 

greater outliers due to greater measurement errors when compared to 10 Hz GPS units 

(Hoppe et al., 2018). There are also limitations in using LPS units that can affect the data 

collection including; weather and environmental conditions e.g. heavy fog, snow, hail, 

tall buildings, industrial area (Siegle et al., 2013), data cleaning techniques  e.g. signal 

loss, missing data points (Stevens et al., 2014), and the position of the antenna relative to 

the units e.g. middle of the field vs far left corner of the field (Sathyan et al., 2012).  

Resultant from their limitations, LPS is not a common monitoring tool used within AF. 

2.5.2 Quantifying Internal Load 

Internal training load is derived from biological measures such as heart rate, blood lactate 

concentration, oxygen consumption, wellness questionaries, psychological inventories 

and rating of perceived exertion, taken from athletes during training or competition 



Quantifying running volume in elite Australian Football players 

 33 

(Bourdon et al., 2017). Athletes’ psychological readiness or vulnerability can be affected 

by factors including recovery potential, exercise capacity, non-training stressors and 

stress tolerance (Bourdon et al., 2017). Considering the vast effects psychological 

stressors can have on athletes training responses, it is important to incorporate some form 

of psychological monitoring tool apart of athletes regular training monitoring. The most 

commonly used inventories include; profile of mood states (POMS), rating of perceived 

exertion (RPE), session-RPE and the Recovery-Stress Questionnaire Sport (RESTQ-

Sport) (Bourdon et al., 2017). Using daily monitoring tools to measure athletes 

psychological state has the potential to provide an insight into how athletes are responding 

to training (Kenttä et al., 2006) which can assist coaches in specifying and individualising 

training prescription (Philippe et al., 2017).  

2.5.3 Subjective Load Measures 

2.5.3.1 Rating of Perceived Exertion 

Rating of perceived exertion is a subjective scale used to measure the level of strain and 

heaviness experienced during training (Day et al., 2004) and the most commonly used 

scale is the Category Ratio (CR)-10 created by Borg (1990), however this scale is often 

adapted for general use within novice through to elite environments which can be seen in 

figure 2 – 6 (McLaren et al., 2022). Borg’s CR-10 scale was designed with set integers in 

arbitrary units whereby athletes were required to select a numeric value representative of 

easy, moderate or hard, however, the adaptation of this scale has been intern simplified 

into a 0 – 10 category scale (McLaren et al., 2022). Often the adapted version of the CR-

10 scale include colour, facial expressions or paraphrases for athletes to relate their 

exertion level to, which can project bias onto their answers (McLaren et al., 2022). As 

RPE is a subjective rating, it relies heavily on athletes being able to accurately interpret 

their own level of exertion therefore, needs to be introduced early into athletes training 

so they become familiar with the scale and how to use it effectively to help reduce this 

bias (Bourdon et al., 2017).  

In AF, 87% of the testing cohort reported the most influential factor in making 

their decision for an RPE value, was the total distance they had completed in their relevant 

training session (Bartlett et al., 2017). It can also be challenging for athletes to provide 
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accurate RPE values when their training sessions comprise multiple modality types e.g. 

skills training, conditioning, strength based training etc (Wallace et al., 2008). There is 

also a limitation when using adapted CR-10 scales, given if the value 10 for example is 

associated with the colour red or an angry face, the stigma of this colour or expression 

may impede athletes reflection of their exertion and instead they may adjust their rating 

to suit the colour they think will be the most pleasing to the coach or fit in amongst the 

team/training cohort (McLaren et al., 2022). When using these adapted scales, this also 

removes the validity of the tool being used. In team sport session-RPE (s-RPE) is more 

commonly reported monitoring tool mentioned throughout the literature. Session-RPE is 

a variation of using RPE in which the intensity value determined through the CR-10 scale 

is multiplied by the total duration of training in minutes giving you internal training load 

in arbitrary units i.e. s-RPE=intensity (RPE) x session duration (mins) designed by Foster 

(1998).  

Session-RPE is better suited to training sessions that incorporate multiple 

modalities and is useful in team sports allowing practitioners to identify athletes’ 

responses to training individually to further aid future training prescription (Wallace et 

al., 2008). Subjective monitoring tools such as s-RPE can further support objective 

findings, such as the known significant difference in the training load prescribed in pre-

season compared to in-season, where there has been a positive statistical significance 

reported between s-RPE values across the two phases  (Moreira et al., 2015).  

In AF two different category ratio scales developed by Borg (1982) have been 

reported, being CR-10 and CR-100, to record s-RPE during skill-based training sessions 

over 13 weeks (Scott et al., 2013). The key difference between the CR-10 and CR-100 

scales is the CR-100 provides more options for athletes to use given the scale comprises 

a larger number scale. Scott et al. (2013) reported s-RPE is a valid tool to use in 

quantifying external training load accumulated in AF, where the CR-10 scale had slightly 

larger correlation coefficient with intensity and training load suggesting there are no 

limitations when using the CR-10 compared with the CR-100 scale. There was however, 

notably an issue with reliability with regard to small changes in short exercise intensity 

efforts, however, reliability was found to increase with higher exercise intensity (Scott et 

al., 2013). To try and increase reliability within the results, athletes need to be asked the 

same lead up question every time to try and reduce subjective bias (Menaspà et al., 2017). 
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Rating of perceived exertion data is reliant on face-to-face interaction between athletes 

and practitioners to be able to ask athletes the question of how they would rate their level 

of exertion. However, that is not always possible as they may not always be together pre-

training, during training and post-training which has increased the use of new 

technologies to record equivalent data which can be done electronically and/or self-paced 

(Menaspà et al., 2017).  

 

 

Figure 2–6 Example of an adapted Borg Category Ratio (CR) -10 scale (Borg, 1982) 

used in field setting..  

 

2.5.3.2 Athlete Reported Outcome Measures  

Athlete Reported Outcome Measures (AROMs) are tools that can be implemented into 

standard athlete monitoring practices and are used to provide insight into athletes 

subjective load (McLaren et al., 2022). These tools are designed for athletes to reflect on 

0 Rest

1 Very, very easy

2 Easy

3 Moderate

4 Somewhat hard

5 Challenging

6 Hard

7 Very hard

8 Very, very hard

9 Nearly maximal

10 Maximal 
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their own emotions towards training and/or match/competition stimuli. There are various 

AROMs utilised and implemented through sports from varying competition levels, 

whereby it is the discretion of the practitioner within the club/team as what to what tool 

they deem practical in their setting and whether the tool is validated or an adaptation 

(McLaren et al., 2022) 

With any monitoring tools there are limitations whereby, RPE results can be 

impeded by logistical limitations and also the nature of training being multifactorial 

where, internal, as well as external measures can affect training load (Gallo et al., 2015). 

Rating of perceived exertion, as well as AROMs heavily experience limitations around 

bias, which can be impacted by both cognitive and situational factors (McLaren et al., 

2022). These types of bias include but are not limited to; not understanding the difference 

between fatigue and exhaustion, comparing exertion to other sessions, the reason behind 

why they feel their particular exertion level. i.e., training session or other factors, trying 

to impress others, deliberate deception or reduced intensity and/or volume through 

participation or lack there of (McLaren et al., 2022). To counteract the bias induced from 

these tools, practitioners need to ensure athletes have a clear understanding of the tool, 

how to interpret their exertion and increase their motivation to respond accurately and 

truthfully (McLaren et al., 2022).  

In regard to the greater emergence of AROMs, there is an issue around the lack 

of validation and clear conceptual framework of the tools being utilised given they are 

often derived in house from practitioners (Jeffries et al., 2022). The obvious issue with 

this becomes how can data be meaningful and compared amongst cohorts, teams and also 

against oneself. Jeffries et al. (2022) designed a conceptual framework that clearly 

outlines a meaningful way to administer AROMs that provide a validated method to 

interpret athletes subjective load (figure 2 – 7).  

Two common types of AROMs (psychological questionaries and wellness 

monitoring) implemented in elite sport will be discussed in the proceeding sections.  
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Figure 2–7 Conceptual framework structure designed to assist in designing AROMs 

adapted from Jeffries et al. (2022).  

 

2.5.3.2.1 Psychological questionnaires  

Profile of mood states (POMS) is the longest standing questionnaire that has been used 

in elite sport (Beedie et al., 2005) and assesses; anger, confusion, depression, fatigue, 

tension and vigour (Lan et al., 2012). Profile of mood states was developed and validated 

originally in a clinical setting before being applied to athletes, where it has been applied 

in multiple individual sports such as distance running, speed skating, Olympic wrestling 

and team sports such as soccer, basketball and netball (LeUnes & Burger, 1998), where 

there has been a recent meta-analysis published summating all of the findings (Lochbaum 

et al., 2021).  

 Specifically, looking into the application within soccer, the questionnaire was 

administered pre and post training where the results demonstrated a small to large 

correlation of pre-post training scores for the different categories assessed using POMS 

(Selmi et al., 2018). It was identified as a useful strategy to detect the current subjective 

rating from athletes after an intense training session however, does not have any long 

term transferability (Selmi et al., 2018). Despite the ability in being able to provide a 

subjective indication of the athlete, POMS has limitations such that the measure is not 

sensitive enough to distinguish whether the athlete’s subjective feeling is a mood or 
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emotion and it also requires a reasonable amount of time due to the amount of questions, 

which is often not very practical in an elite environment with multiple training session 

per week (Lan et al., 2012).  

The recovery stress questionnaire-sport (REST-Q Sport) has gained popularity in 

individual elite sport and is a valid and reliable measure of stress and the frequency of 

recovery activities which inherently provides information on athlete’s state of recovery 

(Davis et al., 2007; Kenttä et al., 2006). The REST-Q Sport asks questions targeted at the 

following categories; emotional, psychological, cognitive, behavioural/performance and 

social stress (Philippe et al., 2017). These questions then provide information in the form 

of a total stress score and total recovery score which are an indication of physical strain 

or exertion and potential overload on the athletes (Kellmann, 2010). Within elite soccer, 

athletes who completed the REST-Q Sport reported no substantial differences within their 

total stress or total recovery scores (Meister et al., 2013). The lack of statistical support 

provides no indication about the athlete’s strain or exertion, therefore no further insight 

as their subjective state (Meister et al., 2013). Despite these nil findings, there are also 

limitations with using such questionnaires as they are not time efficient due to the amount 

of questions apart of the REST-Q Sport. Subjective measures such as rating of perceived 

exertion (RPE) or wellness are much more heavily reported in the literature surrounding 

team sports as they are quicker alternatives which can provide meaningful data (Gastin et 

al., 2013) and will be explained in the following sections.  

2.5.3.2.2 Wellness Monitoring 

Wellness monitoring is often completed through questionnaires, incorporating physical, 

emotional, intellectual, social, environmental and spiritual assessments (Swarbrick, 

2006). In elite sport the self-reported questionnaires are commonly created by high-

performance practitioners, so they remain specific to their sport and typically involve 

questions around; muscle soreness, sleep duration and quality and general wellness (Gallo 

et al., 2015; Gallo et al., 2017). In Australia and New Zealand, of 50 elite sporting 

programs across 14 different sports surveyed, 84% of high-performance practitioners use 

self-reported questionaries, where 80% of that use custom designed questionnaires 

(Taylor et al., 2012). Through making these questionnaires specific to the sport and 

questions of interest, it allows practitioners to draw meaningful conclusions about the 
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athletes subjective response to training or matches and monitor for any cognitive fatigue 

(Gallo et al., 2015).  

Previous research in AF, specifically within one AFL team, used a customised 

wellness monitoring tool where data was recorded every day before training for the study 

duration found that the first day post-match was the best indicator for how the athlete was 

feeling (Gallo et al., 2017). Interestingly, there was a notable difference in wellness scores 

recorded when comparing the match to match microcycle length i.e. days in between each 

match, where 8-day microcycles had a lower wellness score compared 6 and 7 day 

microcycles (Gallo et al., 2017). There was also a decrease in wellness reported as the 

season progresses, where weeks 2-12 had a higher wellness score compared to the later 

stages of the season being weeks 13-23 (Gallo et al., 2017). Another study conducted in 

AF confirmed match to match microcycle length having significant effects on athletes 

wellness profiles, where longer microcycles reflect lower wellness profiles (Gastin et al., 

2013). This reduction in wellness scores from longer match to match microcycles is also 

evident within other team sports such as rugby league (McLean et al., 2010). These 

differences in wellness scores resultant from different microcycle durations suggest there 

are other factors influencing the athletes internal load as reflected by their wellness (Gallo 

et al., 2017).  

There are known psychological factors that can influence an athlete’s training 

capacity that may not be reflected in common wellness monitoring i.e., team tactics/what 

team they may be playing in the next match, environmental conditions, relationship with 

team mates/coaches/staff, whether the next match is a home or away game and the effect 

of travel if it is an away game (Halson, 2014). Accounting for these factors is extremely 

difficult as there are multiple situational and cognitive factors that threaten the validity of 

wellness monitoring (Saw et al., 2015a). Examples of these factors include; 

comprehension (Brener et al., 2003), recall (Brener et al., 2003) and conscious bias (over-

reporting/under-reporting) (Vinokur et al., 1979). Traditional validated questionnaires i.e. 

RESTQ 36 – sport (Kellmann & Kallus, 2001) typically contain more questions and are 

designed to collect more meaningful data however, as previously mentioned, are often 

too time consuming or repetitive to administer in a practical setting (Gastin et al., 2013). 

Hence why the questionnaires are often designed by the high-performance practitioner as 
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the quality and quantity of questions are designed from empirical measures and personal 

experience with the nature of the players (Saw et al., 2015a).  

2.5.4 Internal and External Load Integration 

Although training load is often monitored separately, combining external and internal 

load provides a greater insight as to whether athletes are fresh or fatigued as you are 

combining the actual work completed with the impact of the work (Bourdon et al., 2017). 

There has been vast research conducted in team sports analysing the relationship between 

internal and external training load, where the correlation effect size varies from trivial to 

very large (Bartlett et al., 2017; Gallo et al., 2015; Lovell et al., 2013; McLaren et al., 

2018; Scanlan et al., 2014; Scott et al., 2013; Weaving et al., 2017; Weaving et al., 2014; 

Weston et al., 2015). The spectrum of variation must implicitly be resultant from issues 

with validity and reliability of either internal or external measures (Lambert & Borresen, 

2010). However, external measures are heavily tested for their reliability and validity in 

literature leaving internal load to be questionable, or the nature of the data collection itself 

(Lambert & Borresen, 2010). The research mentioned draws from various regimes with 

varied duration, modalities, goals and overall structure which may all heavily influence 

the relationship found between their specific internal and external load measures 

(McLaren et al., 2018). Emphasising the need to find and implement the most accurate 

and applicable testing measures to your sport and training program to target collecting 

relevant, meaningful data.  

The combination of training load is increasingly important in AF due to the 

complex nature of the sport – unpredictable change of direction/pace and the physical 

collisions i.e. tackles which all contribute to their overall load (Gallo et al., 2017). 

Previous research in AF found moderate and large correlations between internal and 

external load, more specifically between s-RPE and GPS variables where total distance 

covered (m) and high-speed running (m) showed the strongest correlations (ρ = .77 [95% 

CI = .75–.79] & ρ = .69 [95% CI = .67–.71], respectively) (Bartlett et al., 2017). This is 

supported by research in elite rugby league where total session distance (m), accelerations 

and “body load” account for 62% of variation between s-RPE (Lovell et al., 2013).  
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2.6 Monitoring Training 

Monitoring is a challenge in team sports due to the nature of the training sessions (Halson, 

2014). Training sessions often combine general conditioning, skills conditioning, 

resistance training and potentially other modes of training i.e. pool sessions, rehab 

sessions, additional positional drills (Farrow et al., 2008). Despite the physical fatigue 

athlete’s accumulate from training, there is also cognitive fatigue from decision making 

that is often neglected or harder to monitor (Halson, 2014).  

2.6.1 Monitoring through match events  

Tracking player contributions in games is often done through statistical analysis (Wright 

et al., 2013). Player tracking can aid coaches and support staff for means of recruitment 

or in the immediate term, such as player selection for the next game (McIntosh et al., 

2018a). Determining whether a player will be selected or not relies on a spectrum of 

variables dependent on the variables deemed necessary for that role and how well a player 

is performing in these areas (Tavana et al., 2013; Trninić et al., 2008).  

2.6.1.1 Objective monitoring  

In AF, there are five match event types; disposals, possessions, stoppages, defence, and 

scoring (StatsPro, Australian Football League, Melbourne, Australia) which include the 

match events listed in Table 2-3. Detailed descriptions of what each match event entails 

are outlined in Table 2-4. With the ability to assess players value and involvement in a 

game this is a form of performance tracking which in turn can measure an athletes level 

of performance periodically when tracked regularly (McIntosh et al., 2018a; Ofoghi et 

al., 2013). The match events in AF mentioned are collected for every AFL game played 

therefore a player’s performance can be monitored across an entire season using these 

match events. Champion Data© (Champion Data Pty Ltd., Melbourne, Australia) records 

player ratings and player rankings for every AFL game played. Player ratings are 

designed to place value on specific actions completed by players and award points 

accordingly. Points can either be gained or deducted based on whether players match 

involvements increase or decrease their teams chance of scoring directly relevant to the 

involvement the player just had  (McIntosh et al., 2018b). Again, there are five different 
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category types identified by Champion Data© for player ratings which include 11 

different categories shown in Table 2-5.  Player rankings is a model developed to identify  

the most important performance indicators and includes over 100 variables and is used 

for fantasy competitions (McIntosh et al., 2018b, 2019). Some match events are 

predominately or even exclusively completed by some playing roles such as hitouts 

(McIntosh et al., 2018a), which are almost exclusively completed by ruckman as defined 

by their role (Johnston et al., 2018). There are other match events which are key defining 

events such as stoppages, which determine whether a player is a midfield-forward, 

general forward or key forward (McIntosh et al., 2018a). The issue with using Champion 

Data© player ratings to define playing roles is that the player classifications change 

throughout a season as players can change roles between games and also within the game 

itself, therefore these classifications do not account for players variation between roles 

(McIntosh et al., 2018a). 
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Table 2–3 Match events within an AFL game (StatsPro, Australian Football League, 

Melbourne, Australia). 

 

 

 

 

 

 

 

Match event type Match event 

Disposal Disposals, kicks, handballs, inside 50s, disposal efficiency, 
clangers, rebound 50s, effective kicks, kick efficiency, kick to 
handball ratio, effective disposals, metres gained  

Possession Contested possessions, uncontested possessions, intercept 
possessions, turnovers, contested possession rate, ground ball 
gets, forward 50 ground ball gets 

Stoppage Hitouts, centre clearances, stoppage clearances, total clearances, 
hitouts to advantage, hitout win %, Hitouts to advantage %, ruck 
contests 

Defence Tackles, tackles inside 50, pressure acts, defence half pressure 
acts, spoils, contested defence one on ones, contested defence 
losses, contested defence loss % 

Scoring Goals, behinds, goal assists, goal accuracy, shots at goal, score 
involvements, score launches 

% Percentage 
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Table 2–4 Glossary list of match events in AFL taken from Champion Data© Pty Ltd., 

Melbourne, Australia.   

Match event  Description 

Behind A minor score, as judged by the goal umpire. Behinds are worth 
one point to a team’s total score. 

Clanger An error made by a player resulting in a negative result for his 
side. Disposal clangers are any kick or handball that directly turns 
the ball over to the opposition. Frees and 50-metre penalties 
against, No Pressure Errors, Dropped Marks and Debits are all 
included in clangers. 

Clearance Credited to the player who has the first effective disposal in a 
chain that clears the stoppage area, or an ineffective kick or 
clanger kick that clears the stoppage area. 

Contested 
possession 

A possession which has been won when the ball is in dispute. 
Includes looseball-gets, hardball-gets, contested marks, gathers 
from a hitout and frees for. 

Disposal Legally getting rid of the ball, via a handball or kick.  

Goal A major score, as judged by the goal umpire. Worth six points to 
a team’s total score. 

Goal assists Creating a goal by getting the ball to a teammate either via a 
disposal, knock-on, ground kick or hitout, or by winning a free 
kick before the advantage is paid to the goal scorer. 

Ground ball Sum of looseball-gets and hardball-gets. 

Handball Disposing of the ball by hand. 

Hitout Knocking the ball out of a ruck contest following a stoppage with 
clear control, regardless of which side wins the following contest 
at ground level. 
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Inside 50 Moving the ball from the midfield into the forward zone. 
Excludes multiple entries within the same chain of possession. 

Possession When a player grabs the ball with a reasonable amount of time to 
dispose of it. Includes groundball-gets, marks, handball receives, 
effective contested knock-ons and frees for. 

Pressure acts Chasing: Where a player applies pressure from behind an 
opponent by chasing. They must be gaining ground or applying 
pressure significant enough to hurry the ball carrier to dispose of 
the ball. If the chasing player is on the verge of making physical 
contact from behind, then closing pressure will be imminent. 

Closing: A higher degree of pressure than corralling, where the 
pressure player is on the verge of making contact with the ball 
carrier (either from in front or the side) as he disposals of the ball. 
The key point of difference between this and corralling is that 
there will be imminent contact and the pressure player is forcing 
the ball carrier to dispose of it immediately. 

Corralling: The lowest form of pressure a player can apply, 
where they are simply occupying space in front of the ball carrier 
to prevent them moving forward, or have a run at them, but not 
quickly enough to record ‘closing’ pressure. 

Implied: Reducing an opponent’s decision-making time without 
physical contact ‘via corralling, closing space or chasing from 
behind’. 

Physical: Applying direct physical contact to a player in the act 
of disposing of the ball or effecting a tackle that prevents an 
effective disposal from the ball carrier. 

Rebound 50 Moving the ball from the defensive zone into the midfield. 

Ruck contest Starting as one of the two ruckmen competing for the ball at a 
stoppage. 

Score 
involvements 

Number of scoring chains where a player was involved with 
either a disposal, hitout-to-advantage, kick-in or knock-on. If a 
player has two disposals in the same scoring chain, he is credited 
with one score involvement. 
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Score launches Scoring chains launched by an intercept possession, free kick, 
hitout-to-advantage or clearance. 

Spoils Knocking the ball away from a marking contest preventing an 
opponent from taking a mark. 

Stoppage Set pieces where the ball is returned to play after a goal, an out of 
bounds or a ball up being called. There are three stoppages; 
Centre Bounces, Ball-Ups and Throw-Ins. Additionally, throw-
ins and ball-ups are also referred to as around the ground 
stoppages. 

Tackle Using physical contact to prevent an opponent in possession of 
the ball from getting an effective disposal. 

Turnover Losing possession to the opposition in general play. General play 
excludes events that happen between a stoppage and the 
clearance. 
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Table 2–5 Champion Data© categories for AFL player ratings taken from (McIntosh et 

al., 2018a).   

Category type Category Description 

Ball winning Stoppage 

 

Mid chain 

 

Intercepts 

Points from possession won pre-clearance at 
stoppages. 

Points from possessions excluding those won 
at stoppages or as intercepts.  

Points from intercept possessions. 

Ball use Run and handball 

 

Field kicks 

Shots at goal 

Kick ins 

Points from handballs, and ball carrying 
between the possession and handball.  

Points from field kicks.  

Points from shots at goal. 

Points from kick ins.  

Hitouts Hitouts Points from hitouts to advantage and points 
lost from hitouts to opposition. Neutral 
hitouts gain zero points. 

Defence Spoils 

Pressure 

Points from spoils. 

Points from pressure – including tackles and 
smothers. 

Negatives Negatives Points lost from free against, 50m penalties 
against, dropped marks, no pressure errors, 
and missed tackles.  

2.6.1.2 Subjective performance evaluations 

Subjective performance is evaluated publicly in the AFL through awards such as the best 

and fairest (Charles Brownlow medal) and the AFL Coaches Association award. Votes 
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are submitted at the end of each match during the home and away AFL season, based on 

a players influence and impact on the game for both awards, the only difference is the 

best and fairest votes are submitted by the umpires of the game and the latter, the senior 

coaches of the competing teams.  Australian Football League clubs also record subjective 

ratings tallied for their own best and fairest which can be seen in Table 2-6. Each club 

has a different approach to tallying the results for their respective best and fairest awards 

and is further explained in Table 2-6. The methods vary from coaches to committee 

members being the ones to cast the votes and voting scales ranging from 0-22 with the 

most common method range being 0-5, used by five teams in the AFL (Sports, 2018). It 

is common for coaches to provide subjective feedback to the players and be the ones to 

vote for such awards (Heasman et al., 2008), however over time research has found bias 

with this. Heasman et al. (2008) listed four reasons to approach coaches subjective ratings 

with caution; (1) large teams have too many players to be equally invested with all players 

to be able to accurately assess their performance, (2) personal or emotional bias towards 

specific players based on relationships developed, (3) match events occurring on the edge 

of play or not necessarily in the direct line of play may be oversighted and (4) match 

events towards the end of the game are recalled more vividly compared to the beginning 

or middle of the game (Franks & Miller, 1986). This issue with biases in subjective 

methods is also evident with players whose positions automatically give those players 

more time in focus (Martínez & Martínez, 2011).  

Previous research in basketball discusses a bias between players that are named 

the most valuable player and their perceived ratings as, greater rebounds, assists and 

points, increases players exposure to the media which in turn generates greater revenue 

aiding in greater chance of being seen as “valued” (Martínez & Martínez, 2011). In AF, 

this bias can be seen for players that play as midfielders, as their role requires them to 

trail the ball through the centre and both forward and defensive halves, they are often 

involved or associated with more success in the team when compared to a full back 

(McIntosh et al., 2019). This bias is evident through past winners for the past 10 

consecutive Charles Brownlow Medal all being midfielders of midfielder forwards 

(https://www.afl.com.au/) as these are the players typically with the most play 

involvement (Johnston et al., 2018). It can be argued that coaches know their players role 

best and despite the bias existing, subjective ratings are still a feasible tool to use as it 
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provides context to objective measures and this bias, although cannot be ignored, can be 

accounted for. 

 

Table 2–6 AFL best and fairest awards derived from internal subjective player ratings 

(Sports, 2018).   

AFL Club Best and Fairest award Scale for voting points 

Adelaide Crows Malcom Blight Medal 0-4* 

Brisbane Lions Merrett-Murray Medal Up to 12*+ 

Carlton Blues John Nicolls Medal 1-16* 

Collingwood Magpies EW Copeland Trophy Up to 22*+ 

Essendon Bombers Crichton Medal 0-5^ 

Fremantle Dockers Doig Medal 0-5* 

Geelong Cats Carji Greeves Medal Up to 15*+ (averaged 
between coaches) 

Gold Coast Suns Club Champion 0-5*+ 

Greater Western Sydney 
Giants 

Kevin Sheedy Medal Up to 4* 

Hawthorn Hawks Peter Crimmins Medal Up to 16*+ 

Melbourne Demons Keith Truscott Medal 0-10^ 

North Melbourne Kangaroos Syd Barker Medal Up to 20*+ 
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Port Adelaide Power John Cahill Medal 0-5* 

Richmond Tigers Jack Dyer Medal 0-5^ 

St Kilda Saints Trevor Barker Award 1-4* 

Sydney Swans Bob Skilton Award Up to 10^+ 

West Coast Eagles John Worsfold Medal 1-3^ 

Western Bulldogs Charles Sutton Medal Up to 5*+ 

*Coaches voted ^Committee voted +Non-compulsory vote 

2.7 Data Mining 

Data mining is a process of gathering information from large databases and using various 

methods to establish meaningful relationships and patterns that were previously unknown 

(Ofoghi et al., 2013). The point is to convert raw data into information (Ofoghi et al., 

2013) through predicting events (Anagnostopoulos et al., 2007), finding the pattern 

between events that co-occur (Agrawal et al., 1993) or the division of data into groups 

according to similarity (Berkhin, 2006). Although some patterns or conclusions may be 

discoverable without the use of data mining, these inferences can be over or under 

interpreted due to lack of consideration or understanding certain variables that may 

impact the data (Ofoghi et al., 2013). By eliminating the human error through using data 

mining techniques this can produce more reliable and consistent results that have the 

capacity for comparison (Schumaker et al., 2010). In an applied sport setting according 

to Ofoghi et al. (2013), data mining typically seeks to answer four aims; (1) Finding 

performance patterns that describe how an athlete or a team may increase their chances 

of finishing a competition in a certain position. (2) Predicting performances of an athlete 

or team given information related to their prior performances or training sessions. (3) 

Real-time decision-making on what actions/reactions or strategies are required in the 

course of a current event. And, (4) finding the main demands of certain sport competitions 

and selecting athletes who can best address the demands. (p. 181) 
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There are two different divisions of data mining; supervised and unsupervised 

learning. Supervised learning refers to using methods when you want to predict the value 

of an observation, a single output variable i.e. linear regression, time series, regression 

trees, k-nearest neighbor (Talabis et al., 2015). Unsupervised learning comprises methods 

trying to understand and describe data to reveal underlying patterns i.e. clustering, 

association analysis, principal component analysis (Grira et al., 2005). The different 

learning approaches can be used independently, however they are often used in 

conjunction to strengthen the meaning behind the patterns found in unsupervised 

approaches (Saha et al., 2011). Choosing the right approach depends on the 

interpretability, precision and flexibility of the chosen method (Ofoghi et al., 2013). 

Figure 2-8 demonstrates the relationship between choosing the most appropriate data 

mining technique and the considerations taken to arriving at this decision. 

 

 

Figure 2–8 Rectangular Model illustrating the considerations between choosing the most 

relevant data mining technique for sports performance analysis adapted from Ofoghi et 

al. (2013). 

2.7.1 Visually representing data 

Data is something that can be presented in multiple ways whereby the choice is often 

based on the aim for why the data is collected. Being able to visually represent data is an 
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important skill as it can be much easier and clearer to convey your point visually (Wilke, 

2019). Despite this, data visualisation is a topic not often taught, and when taught it 

focuses on the visual effects and the techniques behind making the figures look how they 

do, rather than the education behind why some decisions are preferential over others in 

choosing what to visually represent (Wilke, 2019). There are multiple aspects to be 

considered when visually representing data which can easily be overlooked or not 

considered with much thought such as the graph type, colour used (or not used), position 

of the axes and data, lines/shapes used to identify data points and the width/size of data 

markers (Wilke, 2019). Regardless of these factors, there are two groups in which data is 

categorised by, continuous, where there are arbitrarily multiple instances possible 

between two given numbers i.e. data set using total distance, you can physical have 1000 

m, 1000.1 m 1000.2 m etc., or non-continuous, where there are no instances possible 

between two given numbers as it is a physical impossibility i.e. number of athletes 

recorded where you can have 5 or 6 but not 5.5 (Wilke, 2019).  

2.7.1.2 Data visualisation options  

There are multiple options to choose from when visualising data, which makes the task 

challenging as you need to select the method which is going to display the best 

relationship for the question you have or the purpose behind the data collection. Wilke 

(2019) reported four main methods for visually data and their respective benefits and 

limitations which will be discussed and applied below.  

• Histograms 

The use of histograms can distribute data into ranges which can be manipulated as 

seen fit to display a distribution of how data is spread across the scale in question. 

The issue with this method, is the human error involved in choosing the ranges in 

which data is spread between as ranges too low can reduce the true context within 

the data and too many ranges can represent closer to singular data points therefore, 

not summarising the data set which can be seen in Figure 2-9. It takes multiple trial 

and error to find the number of ranges most applicable to the data set. Secondly to 

this, when investigating multiple distributions using a histogram, the data may be 

harder to interpret given the second data set/comparison either won’t align with the 

zero mark from the y axis therefore, you need to visually determine the effect, or 
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alternatively both data sets can be made translucent and positioned at the zero mark 

on the y axis, however, when made transparent this can cause further visual errors. 

For a singular distribution analysis this type of visualisation may be useful, or for 

when ranges are discrete metrics rather than continuous i.e., pre-season phases 

along the x axis and total distance accumulated along the y axis. This would 

alleviate the need to determine the number of ranges required and is a singular 

distribution.  

 

 

Figure 2–9 Histograms displaying the effect of the distribution when using different 

ranges i.e. different amount of years in each range demonstrated by different colours for 

the above example adapted from Wilke (2019). 

 

• Density plots 

Density plots can visually display the probability of a distribution and can then 

have a curve fitted to the data points to visual display the distribution where the 

total area under the curve is equal to one. However, the issue with fitting the curve, 

is again the effect of human error, where different techniques can be applied which 

can result in different visualisations which can be seen in Figure 2-10. Different 
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techniques can also produce visualisations where the curve reaches particular 

values that the actual data may not have, based on the calculations to fit the curve. 

In saying this, density plots are more useful when trying to visual display more 

than one distribution. This can be applicable when trying to understand the 

relative contribution of a metric and its coherent effect on another metric whereby 

the overall number is not of upmost importance and rather the distribution is.  

 

 

Figure 2–10 Density plots demonstrating the effect of different processing and filtering 

techniques to the overall visual representation of the data set represented by different 

colours adapted from Wilke (2019). 

 

• Empirical cumulative distribution functions 

Alternatively called cumulative distributions, this method utilises full data sets 

where no human decision making is required to produce the final figure. There 

are both ascending and descending cumulative distributions possible, where 

ascending are the most commonly reported. This type of visual representation 

plots each individual data point and then a line is inserted connecting the points 
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for the highest value of that variable achieved at that given point (ascending) or 

the lowest value achieved for that variable at that data point (descending). This 

method can be useful when handling large data sets in which you want to 

understand the distribution better, whereby you have the individual data points 

but want to see how they accumulate, between athletes of over a specific condition 

i.e. match.  

• Quantile-quantile plots 

This method is useful for finding the outliers within the data, for when the data 

points do not follow the expected or given distribution. Actual values achieved 

are plotted against the expected values obtained according to the distribution 

identified using this method and a line is then drawn where x equals y, being where 

the actual values equal the predicted ones. Then any data points that do not fall on 

this line are considered to be the outliers as they did not follow the expected 

distribution. This method could be applicable to an investigation where the 

response is expected for a given metric, and can be applied to the full team to see 

if all athletes follow the expected distribution or if there are any that appear to be 

outliers.  

2.8 Australian Football Performance 

2.8.1 What is Performance? 

Due to the complex nature of individual responses to the vast number of training variables 

and their effects on training load, training performance cannot equal match performance 

(Borresen & Lambert, 2009; Foster et al., 1996). Training however, can improve 

performance in a game by training the physiological, psychological and tactical aspects 

required in games and can better prepare you (Borresen & Lambert, 2009).  

2.8.2 How is Performance quantified/obtained? 

Performance can be quantified using various equations and modalities (Borresen & 

Lambert, 2009). Firstly, there was an equation developed by Calvert et al. (1976) which 

states performance is the result of fitness, minus fatigue therefore emphasising the need 

for fatigue to be minimised in order to maximise performance. Banisters model produces 
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estimations that can be used to predict future performance (Banister et al., 1991). Busso 

et al. (1991) developed a simplified equation using only the fitness impulse which alike 

Banisters (Banister et al., 1991), produce estimations for performance prediction 

however, fatigue may be underestimated creating false estimations. Other research has 

tried to build upon Banisters model (Busso et al., 1991) and validate specific 

physiological parameters as markers of performance (Wood et al., 2005). For the fitness 

parameter they found running speed at ventilatory threshold and running economy to be 

valid markers, however, they found a fatigue subsection of the Profile of Mood States 

questionnaire could be used for fatigue measure but is not a valid measure as it is not 

targeted at exercise-induced fatigue (Wood et al., 2005).  

Multiple other physiological and psychological parameters have been estimated 

including Daily Analysis of Life Demands for Athletes test, heart rate variability, resting 

heart rate, VO2 max, exercise economy, lactate thresholds and critical power (Jones & 

Carter, 2000; Lambert & Borresen, 2016). The validity of these parameters has never 

been conclusive or would encourage the independent use of one sole parameter as there 

are numerous environmental, mental and tactical factors that can influence performance 

hence, cannot be predicted (Jones & Carter, 2000). Different to the previous methods 

mentioned, Fitz-Clarke et al. (1991) developed the theory of using an influence curve to 

predict future performance based off training impulses. This method cumulates the daily 

training impulses and based off its initial magnitude will contribute to overall 

performance, therefore, incorporates the positive and negative influences of each training 

session (Fitz-Clarke et al., 1991). Resultant from the data the model encompasses, it has 

the potential to design the optimal training program to produce a given performance at a 

specific time (Borresen & Lambert, 2009; Fitz-Clarke et al., 1991). The limitation with 

using this method is that competition will have an effect on subsequent performance, 

meaning results from a competition will change the optimal training and recovery for that 

given athlete going forward thereby deviating from the influence curve previously 

developed (Borresen & Lambert, 2009; Fitz-Clarke et al., 1991).  

Another model has been developed by Hellard et al. (2005) using saturation 

thresholds to monitor athletes training loads. To do so, athletes are exposed to training 

intensity and durations below their supposed threshold for certain training stimuli to 

maximise the physiological adaptations and this level (Hellard et al., 2005). This model 
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proved to be more effective in reflecting performance based from training when compared 

to Banister et al. (1991), however, only accounted for 30% of performance variation 

(Hellard et al., 2005). This low accuracy was thought to be resultant from athletes’ 

individual responses to training and how responses can change day to day and between 

different modalities reiterating how athletes all respond unique to the individual (Mann 

et al., 2014; Vollaard et al., 2009).  

All of these methods mentioned have struggled to be used as accurate and reliable 

measures of performance in elite sport due to their inconsistency or underrepresentation 

of fitness and fatigue impulses, weak correlations between training and performance and 

overall lack of individualism opening the door for new methods to be developed or 

adjustments made to existing models (Borresen & Lambert, 2009).  

2.9 Conclusion 

Australian Rules football is a very demanding game emphasising the need to monitor 

players responses to training and determine whether the current training has a positive 

effect on performance. Players’ responses can be monitored through various 

aforementioned internal and external training modes such as GPS, heart rate and wellness 

monitoring. It is important that data is analysed in a meaningful way to give context and 

broaden knowledge to justify its collection. Often analysis involves data mining to 

develop patterns and relationships that might have been unknown or hidden. As these 

players train together as a group completing approximately the same external training 

load, it is extremely important to understand their internal training load to said training. 

The differences in internal training load between players will help paint the picture as to 

the inter-individual differences within a team which in turn can aid in more individualised 

training prescription. If training simulates the physical and movement demands for a 

match, specific to each individual, this will create the environment for the greatest 

improvements in match performance. Where increased performance has a direct influence 

on team success, making it an important area to monitor in any sport at any level.   

 As there is presently known differences around performance and the difficulties 

there is in predicting performance, this thesis is driven to investigate firstly, whether the 

monitoring tools currently utilised by the club practitioners have any transferable 
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correlation with performance, justifying their implementation in the standard monitoring 

process. Secondly, to introduce a novel technique in which training and match volume is 

quantified to gain a new perspective. Overall both aims are trying to quantify what is 

occurring, rather than understand causality and prediction which has been proven so 

difficult in sport, especially team sports at the elite level. 
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CHAPTER 3.  GENERAL METHODOLOGIES 
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The specific methodologies applied throughout the thesis will be further explained in their 

respective chapters, however, for the novel approach of cumulative distribution employed 

in studies two through four, this will be introduced in this chapter.  

3.1  Defining cumulative distribution 

Large data sets often expose practitioners to limitations around thresholds or zones in 

which data is sorted into the be analysed which require an informed decision to be made 

(Impellizzeri & Bizzini, 2012; Wilke, 2019). Cumulative distribution is a form of 

aggregate methods whereby large datasets can be visually displayed to account for all 

data points imported and reduce the limitations associated with data filtering (Wilke, 

2019). The ability to provide visualisation alongside statistics can assist practitioners by 

providing greater context and can also assist in the means of presenting data to athletes, 

coaches or other practitioners.  

3.2  Methodological procedures 

3.2.1  Study Design 

For all studies, data was collected using GNSS devices (Catapult S7, Catapult Sports, 

Victoria, Australia) that record at 10 Hz and were Local Positioning System (LPS) 

enabled. Within each study for the relative comparison made the files were comprised of 

either GNSS, LPS or a combination of both, where the specific observations are reported 

in the respective chapters. For all studies, LPS match files have been excluded from the 

analysis resultant from the invariances between GNSS and LPS data collection (Hoppe et 

al., 2018). Match and training files were downloaded and trimmed to include only 

playing/training time via the manufacturer’s software (OpenField, version 3.3.1, Catapult 

Sports, Victoria, Australia). Following the download and trimming process, the 

match/training files were downloaded from the OpenField console in their raw 10 Hz 

form as comma-separated files (csv.). The raw files comprised metrics such time (s), 

speed (km·hr-1), acceleration (m·s-2), latitude and longitude.  

To prepare the raw files for analysis, speed was processed with a fourth-order, 1 

Hz low-pass Butterworth filter. For standardisation, acceleration was manually calculated 
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using the 3 point central difference method (Delves et al., 2022) and was not filtered 

again, it was also made absolute to remove all negative values (Delaney et al., 2018a; 

Delaney et al., 2018b). A 1-minute moving average was then applied to the speed and 

acceleration data. Speed was converted to m·min-1 and acceleration converted to m·min-

1·s-1 by multiplying each value by 60 respectively. The volume of speed [distance (m) 

covered] and acceleration [impulse (N·s) accumulated] was then established with the 

distribution of these variables categorised into 10 m.min-1 and 5 m·min-1·s-1 zones for 

speed and acceleration respectively. The total volume of distance and impulse in each 

zone across each condition specific to the aim of the study which will be outlined in their 

respective chapter was calculated. 

Visual inspection of the logarithm of the cumulative volume and intensity for both 

distance and impulse showed a quadratic (non-linear curvilinear) relationship for the 

varying comparisons. To describe the distribution of distance and impulse across the 

intensity spectrum quadratic models were established for each player for each comparison 

specific in each study. For clarity, the “distance speed model” was established as the 

speed (x) in 10 m·min-1 zone versus the logarithm of accumulated distance (y). The 

“impulse acceleration model” was established as the acceleration (x) in 10 m·min-1·s-1 

zone versus the logarithm of accumulated impulse. 

The quadratic models returned the quadratic coefficient (a), linear coefficient (b), 

and intercept (c). Where a represents the overall position of the curve up and down the y 

axis (i.e., wide or narrow), b reflects the upward or downward linear trend in y values 

along the x axis, and c is a constant (intercept), representing where the relationship sits 

on the y axis (Duthie et al., 2021).  

3.2.2  Statistical Analysis 

Linear mixed models were used to compare the quadratic coefficients from each model 

between comparisons specific to each study. Specifically, in these models, the coefficient 

(a, b or c) for either the Distance Speed Model or Impulse Acceleration Model was 

entered as the outcome measure, and the specific comparison of the study was entered as 

the predictor (fixed effect). Athlete identification was included as a random effect, to 

account for the repeated measurements within the dataset. The least squares mean test 
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was used to obtain pairwise comparisons of the entered fixed effect, and the resulting SDs 

and mean differences were used to establish standardised effect sizes (ES) and 90% 

confidence limits (CL). Standardised ESs were described using the magnitudes; 0.20 

trivial; 0.21–0.60 small; 0.61–1.20, moderate; 1.21–2.0 large and 2.01 very large 

(Hopkins et al., 2009). Differences were deemed to be real if they were 75% greater than 

the smallest worthwhile difference (calculated as 0.2 x the between-athlete SD).  
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CHAPTER 4. STUDY 1 – RELATIONSHIPS BETWEEN TRAINING 

MONITORING AND PLAYER MATCH PERFORMANCE IN PROFESSIONAL 

AUSTRALIAN FOOTBALL 

 

 

 

 

 

 

  



Quantifying running volume in elite Australian Football players 

 64 

4.1 Introduction 

Training monitoring is the routine management of collating and analysing data collected 

from players  that is a form of training load, either external or internal (Bourdon et al., 

2017). External training load is the physical work completed, for example, the distance 

covered quantified by global navigation satellite systems (GNNS) whereas internal 

training load is the subjective response to said work e.g. perceived exertion (RPE; 

(Halson, 2014). The purpose of training monitoring is to track players responses and 

exposure and provide context to how training load is accumulating (Ritchie et al., 2016). 

Training needs to expose players to environments as close to those they may experience 

in a game through manipulation of skills, intensity and conditioning  in order to better 

prepare them to cope with the expected stressors (Rushall, 1990). Through monitoring 

training responses this provides insight as to whether these demands are being met and if 

not, which areas are lacking. 

The ultimate aim of coaches and staff is to win matches and maximise individual 

performance (Borresen & Lambert, 2009). Within the AFL staff are able to independently 

select, process and evaluate data for the metrics and methods they identify best fit to best 

prepare the players for matches. The metrics collected can range anywhere from 

physiological to psychological where it is recommended that a combination of both 

external and internal load is measured (Bourdon et al., 2017). Despite this, GNNS is the 

only guaranteed technology to be presently utilised at every club, as the AFL is under 

contract to use this platform. The exact data each club collects is not public knowledge 

however, common training load measures include wellness diaries (Gallo et al., 2015; 

Gallo et al., 2016; Gallo et al., 2017), rating of perceived exertion (RPE) scores (Gallo et 

al., 2015; Scott et al., 2013) and gym-based training (Bilsborough et al., 2015; Johnston 

et al., 2018) based off published research within the field . Within each of these metrics 

there are various ways to process and analyse the data which as above, relate to the 

specific club’s discretion and again is not public knowledge unless published.  

Player performance is not an easily measured or defined metric. It can be very 

subjective and indiscrete with multiple ways to record/determine. Champion Data© have 

created their platform to record real time statistics for every AFL game which then 

generate ranking and rating points which are used to place value on specific actions 
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completed by players and award points accordingly (Champion Data Pty Ltd., Melbourne, 

Australia). These statistics are used as a way to quantify an athlete’s performance and 

reduces bias, as the criteria for the ranking and rating points are pre-determined and are 

the same for each athlete. McIntosh et al. (2018b) conducted a validation study on the 

Champion Data © rating points, where they were confirmed to be a valid tool for 

assessing player performance. Where previous other research has been conducted 

comparing these rating points to subjective performance evaluations (McIntosh et al., 

2019) and using the ratings points as a performance marker (McIntosh et al., 2018a). 

Alternatively to the Champion Data © rating points, coaching staff from each AFL club 

record their own subjective ratings of performance post-matches, depending on the club 

there is a different Likert scale used (Sports, 2018). There is a downside to both measures 

when using them to rate an athlete’s performance. Champion Data© is capable of 

measuring statistics but it does not account for players whose positions do not necessarily 

accumulate statistics when completing their desired role. For example, a defender’s role 

is to defend the ground from the opposing team scoring a point or goal. In this process a 

defender does not necessarily need to take marks, kick goals, accumulate possessions, 

they may simply need to apply pressure and defend their area making their opponent 

unavailable to receive a possession. If a defender completes their role, they in turn may 

not accumulate many statistics therefore, when looking at the Champion data© ratings 

they may rate low. The under representation through Champion Data© ratings may 

emphasise where coaches ratings can benefit, as the coach knows exactly what they 

expect of their player so for the same example they may rate this particular defender 

highly for said game.  

It is known monitoring training is important in elite sport to provide insight into 

how players are responding to training however, it is unclear whether performance can 

be predicted by said training responses obtained during training sessions. There is no clear 

gold standard monitoring tool that is guaranteed to predict success in the form of player 

performance. The manipulation of training and the tools selected to monitor training are 

based on educational judgments from practitioners within the club or environment, 

dependent on a multitude of factors. Therefore, this study aimed to determine the club 

derived individualised characteristic/s that are the most robust in understanding match 

performance from one AFL clubs standard monitoring process during the 2019 AFL 

season. Second, the study aimed to determine the relationship between coaches subjective 
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ratings and Champion Data © player ratings. The potential of these results could provide 

insight as to which methods provide information and which have no direct relationship 

on performance posing the question as to the justification for why these measures are 

used.  

4.2 Methods 

4.2.1 Participants 

Forty professional AFL league players (age; 25 ± 4 yr, mass; 87 ± 9 kg and height; 188 ± 

7 cm) from a single club volunteered for this study. Data were collected during 24 

matches throughout the 2019 competitive season (15 wins,7 losses). The typical training 

week for players consisted of 2-3 field sessions, 2-3 resistance sessions and 1-2 additional 

on-legs sessions consisting of either reduced volume, rehabilitation, additional 

conditioning and skills training depending on the requirements of a player. Players were 

classified by playing position as follows: forwards (n = 11), midfielders (n = 13) and 

backs (n = 16). The mean (± SD) number of match observations per player was 17 ± 13. 

Ethical approval for this research project was granted by the relevant Human Research 

Ethics Committee (HRE17-138). 

4.2.2 Study Design 

Data collected consisted of GNSS, local positioning system (LPS), wellness, coaches 

performance rating and Champion Data ratings©. Both GNSS and LPS were collected 

through catapult S5 units sampling at 10-Hz (MinimaxX, Catapult Innovations, Australia) 

for every training session and game. The metrics recorded were total volume, high speed 

running distance (15-19.99 km∙hr-1), sprint distance (>25 km∙hr-1), total high intensity 

running distance (20+ km∙hr-1), max velocity and work rate (m⋅min-1). The wellness 

questionarrie implemented was an invalidated, adapted AROM designed by the high 

performance manager of the club and contained 12 questions answered using a 0-10 

Likert scale. The questions were split into three categories; readiness to train, soft tissue 

status and overuse/stress. The questions covered areas such as sleep quality, soreness, 

mental state and energy levels. Categories were chosen based on specific areas of interest 

to performance staff as previously described. Coaches’ performance ratings were a 
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subjective rating on a 0-10 Likert scale. Every player was rated at the end of every match 

by the player’s relevant line coach. The ratings were based on how well each player 

performed technically and tactically in their role. A rating of seven or above was judged 

an acceptable performance and a rating below seven was an unacceptable performance. 

Each player’s line coach allocated the rating. The head coach was allowed to overrule the 

rating of the line coach, if they deemed it necessary. Champion Data© (Champion Data 

Pty Ltd., Melbourne, Australia) records player ratings and player rankings for every 

player in an AFL game. Player ratings are designed to place value on specific actions 

completed by players and award points accordingly. Points can either be gained or 

deducted based on whether players match involvements increase or decrease their teams 

chance of scoring directly relevant to the involvement of the player (McIntosh et al., 

2018b). 

4.2.3 Statistical Analysis 

The player performance metrics were analysed using linear mixed models (Bates et al., 

2015). The residual errors of the model predictions were not normally distributed, so the 

models were generalized to employ non-normal assumptions about the data and the error 

distributions. The fixed effects in the models included; stage of the season, travel, match 

outcome, position, playing experience, weather and ground size. The random effects in 

the model were player identity and match identity. The player performance metrics were 

then visualised using the ggplot2 library within the R programming language (Wickham, 

2016). The data visualisation informed the specification of the random effects structure 

of the model, where for each performance metric a separate model was built. The 

predictor variables were centered and scaled by two standard deviations in order to help 

with model convergence.  

 For coaches subjective ratings and Champion Data© player ratings, a Spearman’s 

rank order correlation was applied to determine the strength and direction of the 

relationship between the two variables.  
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4.3 Results 

Table 4-1 presents the model table for the Champion Data© rating points and coaches 

subjective ratings compared to wellness. With regard to reporting the results, a 

combination of traditional hypothesise testing (p values) was used in conjunction with 

effect sizes to assess the magnitude of difference. The mixed models created and their 

model estimates reflected that there were only two relationships, this first being a negative 

relationship between soreness and champion ratings (ES = -0.68; 90% CL = -1.30 - -0.06) 

and secondly a negative relationship between energy and coaches ratings (ES = -0.48;  -

0.29 - -0.01). The remainder of the models all produced a negative relationship, apart 

from foot and calf which both had a positive relationship with Champion Data© rating 

points and coaches subjective ratings, however, none of these relationships were 

significant to infer statistically meaning from. Table 4-2 presents the model table for the 

Champion Data© rating points and coaches subjective ratings compared to training GNSS 

data. The results demonstrate there was no relationship found between Champon Data© 

rating points and total volume, surge distance and THIR distance from training and also 

between coaches subjective ratings and totla distance, surge distance, sprint distance, 

THIR distance and work rate in training reflected through to beta coefficients. Sprint 

distance and maximum velocity from training demonstrated a negative relationship with 

Champion Data© rating points as well as maxmium velocity from training and coaches 

subjective ratings, however, these relationships were not statistically significant. Table 4-

3 presents the model table for the Champion Data© ratings points and coaches ratings 

compared to match GNSS data. The results presented in this table shows the nill 

relationship between both Champion Data© rating points and coaches subjective ratings 

when modelled with total volume, surge distance, sprint distance and THIR in macthes. 

Maximum velocity and work rate both demonstrate a negative relationship with 

Champion Data© rating points and coaches subjective ratings, however, these 

relationships are not of statistical significance. Figure 4 – 1 displays the relationship 

between Champion Data© rating points and coaches subjective ratings, where the vast 

dsitribution can be seen as there is no significant relationship between these ratings 

methods. 
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Table 4–1 Model table for Wellness displaying the estimate (beta coefficient), standard 

error of the estimate (SE) and confidence limits (CL). 

Outcome Term Estimate SE CL 

Champion 
Data © Player 

Ratings 

Intercept 12.20 2.08 8.12-16.29 
Sleep rating -0.44 0.28 -0.99-0.10 
Intercept 8.51 2.47 3.68-13.49 
Foot rating 0.07 0.34 -0.59-0.72 
Intercept 12.75 2.68 7.51-18.00 
Leg rating -0.52 0.36 -1.23-0.19 
Intercept 10.60 2.38 5.95-15.27 
Back rating -0.23 0.33 -0.87-0.41 
Intercept 13.68 2.25 9.27-18.08 
Soreness -0.68 0.32 -1.30 - -0.06* 
Intercept 10.11 2.52 5.17-15.06 
Quad rating -0.15 0.34 -0.81-0.51 
Intercept 13.16 2.53 8.21-18.12 
ROM -0.58 0.34 -1.25-0.09 
Intercept 12.45 2.60 7.34-17.53 
Energy -0.48 0.35 -1.17-0.21 
Intercept 13.60 3.22 7.29-19.91 
STS/60 -0.11 0.07 -0.25-0.04 
Intercept 12.20 2.51 7.28-17.14 
Groin -0.44 0.34 -1.10-0.22 
Intercept 12.89 2.53 7.95-17.86 
Hamstring -0.54 0.34 -1.21-0.13 
Intercept 12.09 2.75 6.66-17.48 
Mental -0.42 0.36 -1.13-0.30 
Intercept 8.87 2.16 4.64-13.13 
Calf 0.02 0.30 -0.56-0.59 

Coaches 
Rating 

Intercept 12.20 2.08 6.56-8.18 
Sleep rating -0.44 0.28 -0.19-0.02 
Intercept 8.51 2.47 5.79-7.69 
Foot rating 0.07 0.34 -0.13-0.13 
Intercept 12.75 2.68 6.21-8.30 
Leg rating -0.52 0.36 -0.21-0.07 
Intercept 10.60 2.38 6.00-7.85 
Back rating -0.23 0.33 -0.15-0.10 
Intercept 10.60 2.38 6.73-8.52 
Soreness -0.23 0.33 -0.25-0.002 
Intercept 10.11 2.52 5.87-7.81 
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Quad rating -0.15 0.34 -0.14-0.12 
Intercept 13.16 2.53 6.50-8.48 
ROM -0.58 0.34 -0.24-0.03 
Intercept 12.45 2.60 6.79-8.85 
Energy -0.48 0.35 -0.29 - -0.01* 
Intercept 13.60 3.22 6.12-8.59 
STS/60 -0.11 0.74 -0.04-0.01 
Intercept 12.20 2.51 6.20-8.15 
Groin -0.44 0.34 -0.19-0.07 
Intercept 12.89 2.53 5.85-7.81 
Hamstring -0.54 0.34 -0.14-0.12 
Intercept 12.09 2.75 5.89-8.04 
Mental -0.42 0.36 -0.17-0.12 
Intercept 8.87 2.16 6.03-7.71 
Calf 0.02 0.30 -0.13-0.10 

*It can be interpreted that the effect is positive or negative dependent on the direction of 
the confidence intervals as the interval does not cross zero 

 

Table 4–2 Model table for Training GPS displaying the estimate (beta coefficient), 

standard error of the estimate (SE) and confidence limits (CL). 

Outcome Term Estimate SE CI 

Champion 
Data © Player 

Ratings 

Intercept 7.00 1.34 4.32e-9.64 
Total volume 0.00 0.00 -4.81e-0.00 
Intercept 8.29 0.91 6.47-10.08 
Surge distance 0.00 0.00 -0.00-0.00 
Intercept 9.77 0.69 8.38-11.11 
Sprint distance -0.01 0.00 -0.01-0.00 
Intercept 9.90 0.83 8.25-11.53 
THIR distance 0.00 0.00 -0.00-0.00 
Intercept 10.18 3.08 3.93-16.38 
Max velocity -0.03 0.10 -0.23-0.17 
Intercept 7.49 2.07 3.22-11.66 
Work rate 0.02 0.02 -0.03-0.06 

Coaches 
Rating 

Intercept 6.63 0.34 5.963-7.29 
Total volume 0.00 0.00 -8.68e-0.00 
Intercept 6.73 0.22 6.30-7.16 
Surge distance 0.00 0.00 -0.00-0.00 
Intercept 6.91 0.17 6.57-7.25 
Sprint distance 0.00 0.00 -0.00-0.00 
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Intercept 6.81 0.19 6.42-7.19 
THIR distance 0.00 0.00 -0.00-0.00 
Intercept 6.60 0.60 5.43-7.87 
Max velocity 0.01 0.02 -0.03-0.04 
Intercept 6.74 0.45 5.86-7.63 
Work rate 0.00 0.00 -0.01-0.01 

 

Table 4–3 Model table for Match GPS displaying the estimate (beta coefficient), standard 

error of the estimate (SE) and confidence limits (CL). 

Outcome Term Estimate SE CI 

Champion 
Data © 
Player 

Ratings 

Intercept 1.65 1.74 -1.75-5.06 
Total volume 0.00 0.00 0.00-0.00 
Intercept 5.55 1.32 3.96-8.15 
Surge distance 0.00 0.00 0.00-0.00 
Intercept 9.27 0.74 7.76-10.73 
Sprint distance 0.00 0.00 -0.01-0.00 
Intercept 8.35 1.05 6.22-10.45 
THIR distance 0.00 0.00 -0.00-0.00 
Intercept 11.15 3.97 3.36-19.02 
Max velocity -0.07 0.13 -0.33-0.19 
Intercept 13.92 5.08 3.98-23.86 
Work rate -0.04 0.04 -0.11-0.04 

Coaches 
Rating 

Intercept 4.54 0.44 3.68-5.40 
Total volume 0.00 0.00 0.00-0.00 
Intercept 6.18 0.27 5.66e-6.71 
Surge distance 0.00 0.00 5.12-0E-0.00 
Intercept 6.72 0.17 6.39-7.05 
Sprint distance 0.00 0.00 -0.00-0.00 
Intercept 6.41 0.21 5.98-6.83 
THIR distance 0.00 0.00 0.00-0.00 
Intercept 6.91 0.71 5.51-8.29 
Max velocity -0.01 0.23 -0.05-0.04 
Intercept 7.64 0.91 5.85-9.44 
Work rate -0.01 0.01 -0.02-0.01 
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Figure 4–1 Scatter plot showing Coaches Subjective Ratings (AU) vs Champion Data© Player Ratings (AU). Each point represents a single 

player’s match during the AFL season. 
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4.4 Discussion 

The purpose of this study was to investigate the characteristic/s that are the most robust 

in understanding match performance in AF. A second aim was to identify the relationship, 

if any, between coaches subjective ratings and Champion Data© player ratings. No 

meaningful relationships were found from any comparisons throughout this analysis that 

could be used as a means to predict match performance from any of the monitoring tools 

analysed. This brings to question whether the measures analysed in this study may be 

directly useful for the purpose of assessing match performance. Wellness diaries are a 

known commonly employed monitoring tool (Gallo et al., 2015; Gallo et al., 2016; Gallo 

et al., 2017), however, from this study only two meaningful relationships were identified, 

the first being between Champion Data© ratings points and soreness. The direction of the 

relationship infers players who score higher for soreness will produce lower Champion 

Data© rating points. Another statistically significant relationship found when analysing 

wellness, was between coaches subjective ratings and energy whereby the direction of 

the relationship inferred players with a lower energy rating reported lower coaches 

subjective ratings in the proceeding match. The lack of relationship between performance 

and wellness identified in this study, highlights the ineffectiveness of using an invalidated 

AROM (Jeffries et al., 2022). It can be argued that the use of an invalidated AROM is 

implemented as a means to drive conversation between players and coaches or 

performance staff rather than providing a quantifiable performance metric (Saw et al., 

2015b).  

 The relationship identified between wellness soreness scores and Champion 

Data© rating points suggests as soreness increases, the opposite occurs for rating points. 

There is a large focus around recovery in elite sport with the aim to reduce soreness where 

training prescription is finely tuned to provide exposure to training stimuli to maintain 

performance whilst reducing athlete exposure to injury (Colby et al., 2014; Drew & Finch, 

2016; Mujika et al., 1995). Often, recovery sessions or days off are implemented between 

main training sessions and post matches to provide the opportunity for the players to best 

prepare for their subsequent competition (Bahnert et al., 2013; Barnett, 2006), where in 

AF it is known that players require four days post-match to physiologically recover 

(Cormack et al., 2008). Training is strategically manipulated into different phases during 
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both the pre-season and in season to elicit different goals or maintain capacities depending 

on the stage of the season (Bompa & Haff, 2009). There is a known reduction in training 

load during the in season phase which is designed to provide greater opportunity for 

players to recover between matches (Slattery et al., 2012). However, alongside structured 

recovery protocols, physical strength and power of rugby league players has been 

reported in reducing post-match fatigue (Johnston et al., 2015a) which correlates with 

training prescription. Muscular strength and power is a key physical quality of AF players 

(Johnston et al., 2018), as with many sports, which is developed through strength training. 

During pre-season, training load is predominantly accumulated through skills based 

training and conditioning, comprising of running sessions imbedded into training, 

compared to in season where there is a shift in load accumulation through matches, skills 

based training and upper body weight training (Ritchie et al., 2016). Lower body weight 

training in AF was reported to decrease during the in season phase compared to pre-

season, to allow for greater recovery in the training week between matches due to the 

increased high speed running players are accumulating through matches therefore 

increasing overall total lower limb training load (Ritchie et al., 2016). Based on the 

evidence around the importance of recovery between matches and how strength can 

influence players’ soreness, it is expected to observe a negative relationship between 

soreness scores and Champion Data© rating points. Further investigation into whether 

players were feeling recovered between matches is warranted, however, was not 

something addressed in this study. Strength training also wasn’t analysed which may have 

been able to provide further information as to what the strength and power profiles were 

of the players and whether this was an influential factor over the soreness experienced by 

the players throughout this season.  

 Divulging into the second relationship identified earlier, the relationship between 

wellness energy scores and coaches subjective ratings states that the lower athlete’s 

energy scores are, the lower the coaches subjectively rate their performance. Expanding 

on the aforementioned details around the importance of recovery, low energy can be a 

result of inefficient recovery between training sessions and/or matches (Kellmann, 2002, 

2010). Energy levels, however, can also be influenced by other factors being more 

psychological in nature such as stress from training and competition (Lehmann et al., 

1999). If players are feeling low on energy it is known that proceeding performances are 

likely going to be worse (Lehmann et al., 1999). Recovery is often considered as a 
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physical strategy, where recovery can be passive, active or pro-active,  however, recovery 

is also mental (Kellmann, 2010). Kellmann (2002) designed a model in which it states 

that recovery should be designed to work in parallel with athlete’s stress levels, to keep 

players stress-state stable, allowing for maximal performance. Inversely, if this 

framework cannot be met, the inability to meet increased recovery demands can increase 

an individual’s stress which is known to reduce performance ability (Kellmann, 2002, 

2010). Alongside recovery, motivation can also play a role in players energy levels, where 

this motivation can come from intrinsic or extrinsic factors (Mageau & Vallerand, 2003). 

The most influential factor reported as being crucial to players motivation and subsequent 

performance, is the relationship between players and their coach, suggesting that coaches 

play a crucial role in influencing players mental state prior to a match (Mageau & 

Vallerand, 2003). Contributing to this motivation, is also an players mental toughness, 

whether players are able to be “mentally tough” in a match and training and withstand all 

of the factors encompassed by competing at the elite level (Gucciardi et al., 2008). There 

are multiple factors contributing to players  mental toughness, however, there are two 

internal and two external factors identified in AF as the most influential, being lack of 

confidence, physical fatigue and peer/social pressures and poor playing conditions 

(Gucciardi et al., 2008). Players who are deemed as mentally tough demonstrate this 

through superior decision making, recovery from injury and consistently exhibit higher-

quality performance (Gucciardi et al., 2008). Mental toughness, alongside motivation and 

mental recovery may be the key components to improving players’ energy scores to 

ultimately influence positive performance outcomes, however this was not investigated 

in this study and may be considered in future research. 

 In trying to provide context around the lack of relationships identified in this 

study, it brings to question as to whether the appropriate tools were analysed. The GNSS 

metrics analysed comprised total volume, high speed running distance, sprint distance, 

total high intensity running distance, maximum velocity and work rate. However, 

acceleration is a known important measure in AF (Aughey, 2010; Johnston et al., 2015c), 

yet wasn’t investigated in this study. In football codes, due to the congested nature of the 

game this can increase the number of efforts, or movements at lower intensities within 

small spaces, i.e., acceleration and deceleration movements (Delaney et al., 2017; 

Kempton et al., 2015). These movements are often completed in areas surrounding the 

ball in play as players are trying to gain possession of said ball (Delaney et al., 2017; 
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Kempton et al., 2015). Based on the knowledge that Champion Data© rating points are 

allocated based on players involvement in the game where majority of the categories are 

based on involvement with the ball i.e., field kicks, hitouts, intercepts, kick-ins, mid-

chain, run and handball, shots at goal, spoils and stoppage, it could be suggested that 

acceleration may demonstrate a more meaningful relationship with performance 

compared to the metrics used in this present study.  

 Overall, the findings of this research failed to indicate which characteristic/s are 

most robust in understanding match performance in AF and did not identify a strong 

relationship between coaches subjective ratings and Champion Data© rating points. Two 

meaningful relationships were identified, however, neither provided any new information 

around performance, instead supported previous research around the importance of 

recovery between training and matches, and around the mental preparation also needed 

for players to perform at their best. The lack of findings also suggests alternative measures 

be investigated in future research, such as acceleration given being such an integral 

component of AF. The nil relationship between coaches subjective ratings and Champion 

Data© rating points suggest the two scales are measuring different things, therefore one 

rating system cannot be recommended over the other.    

 The limitations of this study revolve around the validity of the measures used for 

comparisons. Specifically, the wellness tool implemented is not a validated AROM 

therefore, cannot making meaningful inferences that wellness as a training monitoring 

tool has no correlation with performance. What this study was able to quantify was that 

the wellness questionnaire designed in house has no correlation with performance. Which 

may be resultant from the tool not being a validated AROM, however more research is 

required whereby a validated AROM should be used to eliminate this uncertainty. 

Secondly, Champion Data© ratings points are an objective measure whereby coaches 

subjective ratings as the name indicates, are a subjective measure. Despite the objective 

measure providing information from quantifiable actions and subjective measures being 

thought to be heavily influence by quantifiable actions, there was no correlation 

established, however, the subjective measure can be heavily biased based on the nature 

of collection which was not investigated through this research. Lastly, there was no 

meaningful relationship discovered between any of the monitoring tools i.e., GNSS, 

wellness and Champion Data© rating points or coaches subjective ratings suggesting that 
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these variables cannot be used to predict performance, rather a metric more aligned with 

performance should be investigated in future research. Acceleration is a known important 

variable and as it was not investigated in study one and the metrics used proved no 

correlation, this suggests the need to develop better methods of quantifying volume such 

as potentially acceleration, driving the key aims in the proceeding studies.  
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CHAPTER 5. STUDY 2 – PLAYER SPEED AND ACCELERATION VOLUME 

DISTRIBUTION WITHIN AN AUSTRALIAN FOOTBALL COMPETITION 
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.5.1 Introduction  

Training monitoring is commonly employed within high performance sport, with the 

purpose of inferring performance results or gains of players to practitioners (Ritchie et 

al., 2016), resultant from training adaptations carefully monitored to reduce the risk of 

injury, illness and fatigue (Halson, 2014). Specifically, training monitoring may indicate 

how players are likely to perform in competition or to reflect on how they are 

coping/feeling with the training program, both subjectively and objectively (Halson, 

2014). Given the overwhelming volume of data that is routinely collected in high-level 

sport, it is good practice for practitioners to only collect data that provides meaningful 

information, as collecting excess data can be considered unethical (Australian Academy 

of Science, 2022). Global navigation satellite systems (GNSS) are one of the valid and 

reliable (Rampinini et al., 2015; Varley et al., 2012b) training monitoring tools used 

throughout amateur to elite sports. Data can be either accessed as summated reports, or 

individual raw data files (e.g., 10 Hz raw data). As AF is an intermittent sport, measuring 

total running volume does not provide an accurate representation of the intensity 

experienced throughout matches (Gabbett et al., 2014). Total running volume provides a 

number without context, whereby the speeds at which distances were accumulated at is 

not distinguished (Gabbett et al., 2014). Particularly in football codes, there are spatial 

and physical constraints that limit players reaching their maximum velocities in turn, 

completing movements at lower intensity within smaller spaces, placing more emphasis 

on acceleration and deceleration (Delaney et al., 2017; Kempton et al., 2015).  

In quantifying the most intense periods of running during team sport, moving 

averages can be employed (Delaney et al., 2015; Delaney et al., 2017), with the literature 

reporting epochs ranging from one to 10 minutes (Delaney et al., 2017). Such data can be 

used to guide intensity in skills training (Delaney et al., 2018c). In addition to the maximal 

mean running speed, the distribution of running intensity over moving averages has been 

examined to better understand the demands of the entire match (Delaney et al., 2018a; 

Thornton et al., 2019). Specifically, the distribution of running can be examined by 

determining the volume of distance accumulated across the running speeds that occur 

during competition (Johnston et al., 2020). This analysis can be conducted on other 

metrics, such as impulse, as this can be established across the acceleration spectrum given 

impulse is the product of mass, acceleration and time (Johnston et al., 2020).  
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Acceleration is another important physical capacity to measure, as an athlete’s 

ability to accelerate and decelerate quickly results in the rapid accumulation of high 

intensity workloads (Osgnach et al., 2010) and inherently positively impacts performance 

in regard to power output and energy cost (Ellens et al., 2022; Johnston et al., 2015c). 

Despite this importance, acceleration and deceleration data can be misreported based on 

the type of tracking technology utilised (Delves et al., 2021; Varley et al., 2017), software 

used (Buchheit et al., 2014) and the data filtering process (Delves et al., 2021; Varley et 

al., 2017). These limitations can impact the quality, reliability and validity of the data 

collected (Buchheit et al., 2014; Delves et al., 2021) and also the final outcomes, where 

research found the quantity of high-intensity efforts substantially varied depending on the 

data filtering process (Varley et al., 2017). A recent review noted that due to 

underreported methods sections, with missing information regarding methodological 

procedures and unclear data deriving and cleaning techniques,  and a multitude of 

combinations between tracking technology, software, and filtering processes, it is 

problematic to compare literature regarding the quantification of acceleration in team 

sports (Ellens et al., 2022). In field-based sporting applications, Delaney et al. (2017) 

recommends quantifying acceleration using the absolute average acceleration as opposed 

to banding acceleration into counts based on pre-determined thresholds, as pre-

determined thresholds can underestimate peak running demands by 20-25% (Varley et 

al., 2012a). To date, the volume of acceleration (impulse), has only been investigated in 

women’s AF (Thornton et al., 2020). This research in women’s AF quantified the volume 

of acceleration completed during pre-season training by calculating the impulse (kN·s-1) 

accumulated into 10% thresholds (“buckets”) starting from 110-100%, working 

progressively down to zero (Thornton et al., 2020). Through this analysis, the greatest 

volume and distribution of volume was found to occur at approximately 60% of the one-

minute maximal mean of match intensity, where other research conducted in AFL and 

rugby league found that most running demands are completed at an intensity of 

approximately 60% of the maximal mean (Johnston et al., 2020). Despite an abundance 

of research examining the maximal mean intensity in team sports (for review see Weaving 

et al. (2022)), there is research lacking in regards to the distribution of volume therefore, 

it could be suggested that there is a need to examine the volume of work accumulated 

across the intensity spectrum (Johnston et al., 2020).  
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Although distribution analyses provide practitioners with additional information 

compared to that of one-minute match intensity maximal means, a limitation is that the 

shape of the distribution is dependent on the number and size of the threshold ranges for 

which data is accumulated into (“buckets”) in which the distance and impulse is 

accumulated in (Impellizzeri & Bizzini, 2012; Wilke, 2019). Aggregate methods 

eliminate the need for arbitrary parameter choices (i.e. “buckets” from the previous 

example), however are not often used outside of highly technical publications (Wilke, 

2019). A type of an aggregate method is cumulative distribution, where large data sets 

are displayed using their distribution rather than individual data points (Wilke, 2019). 

This study aimed to determine the cumulative distribution of volume covered across the 

intensity spectrum for AF and examine the extent to which differences between level of 

competition (AFL vs VFL) and between match quarters (one - four).  

5.2 Methods 

5.2.1 Participants 

Thirty-three professional AFL players (age; 24.4 ± 4.3 yr, mass; 84.9 ± 10.6 kg and 

stature; 189.2 ± 8.3 cm) from the same club volunteered for this study. Data were 

collected during 22 matches throughout the 2021 competitive season (6 wins, 16 losses). 

A typical training week consisted of two to three field sessions, two to three resistance 

training sessions and one to two additional on legs sessions consisting of either reduced 

volume, rehabilitation, additional conditioning, skills training depending on the 

individual requirements of players. Players were classified by playing position as follows: 

forwards (n = 8), midfielders (n = 11), backs (n = 14). The mean (± SD) observations 

(match files) per athlete was 15 ± 5. Ethical approval for this research project was granted 

by the Victoria University Human Research Ethics Committee (HRE17-138).  

5.2.2 Study Design 

The study design for this chapter follows that outlined in chapter 3.2.1 of this thesis where 

the specific data collected relevant to this study was that from matches. Of the matches, 

20 were recorded using GNSS, and 2 were recorded using LPS due to playing at an 

enclosed stadium (Broadcaster Version 3.4.1). The specific comparisons to meet the aims 
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of this study where; quarters and competition level. When calculating total volume and 

impulse within each zone, this was split into each match quarter as well as competition 

level.  

 Visual inspection of the logarithm of the cumulative volume and intensity for both 

distance and impulse showed a quadratic (non-linear curvilinear) relationship for quarter 

and game totals. To describe the distribution of distance and impulse across the intensity 

spectrum quadratic models were established for each player for each quarter and game.  

5.2.3 Statistical Analysis 

The statistical methods adopted in this chapter are outlined in chapter 3.2.2 of this thesis, 

whereby the specifics will be further explained. Linear mixed models were used to 

compare the quadratic coefficients from each model between competitions (AFL vs 

VFL), and match quarters (quarter 1 to quarter 4). Specifically, in these models, and either 

competition or quarter was entered as the predictor (fixed effect).  

5.3 Results 

Table 5-1 presents the coefficients for the speed distance and impulse acceleration models 

for the competitions (AFL and VFL) and each quarter (quarter one to four). Figure 5-1 

demonstrates the distance speed model for competition level (A), and match quarters (B), 

showing the accumulation of distance relative to the running speed. Figure 5-2 displays 

the distance speed model for an individual player to provide an example of typical match 

data on an individual level where the players speed coefficients were; a = 0.017, b = 6.6 

and c = 271. Figure 5-3 shows the differences between competitions and match quarters 

for the distance speed model coefficients (a, b and c). There were no substantial 

differences between the speed coefficients between competition levels. When comparing 

match quarters, quarter one had a very substantially higher speed a coefficient when 

compared to quarter four (ES = 0.40; ±90% CL = 0.17), and quarter four had a 

substantially higher speed b coefficient when compared to quarter one (-0.27; ±0.11).  

Quarter two also had a substantially higher coefficient a when compared to quarter four 

(0.25 ± 0.11).  Figure 5-4 shows the impulse acceleration model for competition level (A) 

and quarters (B), demonstrating the accumulation of impulse relative to the acceleration.  
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Figure 5-5 demonstrates the comparisons between competition and match quarters for the 

impulse acceleration model coefficients (a, b and c). Between competition levels, VFL 

had a substantially higher acceleration a and c coefficients when compared to AFL (0.91; 

±0.38) (0.41; ±0.14), respectively. The b coefficient for AFL was substantially higher 

than VFL (-0.75; ±0.31). When comparing match quarters, quarter four had a substantial 

higher acceleration a coefficient when compared to quarter one (0.32; ±0.14). 

 

Table 5–1 Coefficients (a, b and c) for speed distance and impulse acceleration model 

for competition level (AFL and VFL) and match quarters (quarter one to four). 

 

 Speed Distance Model Impulse Acceleration Model 

 a b c a b c 

AFL -0.02 
(0.01) 

6.6 
(1.5) 

318 
(87) 

-0.28 
(0.09) 

25.2 
(5.7) 

687 
(73) 

VFL -0.02 
(0.00) 

6.6 
(1.1) 

332 
(54) 

-0.37 
(0.09) 

29.5 
(5.9) 

658 
(69) 

Quarter 1 -0.02 
(0.01) 

6.6 
(2.1) 

166 
(134) 

-0.31 
(0.14) 

27.2 
(9.2) 

514 
(146) 

Quarter 2 -0.02 
(0.01) 

6.8 
(1.8) 

175 
(113) 

-0.32 
(0.12) 

27.3 
(7.7) 

535 
(119) 

Quarter 3 -0.02 
(0.01) 

6.8 
(1.9) 

184 
(109) 

-0.34 
(0.13) 

28.0 
(7.8) 

531 
(112) 

Quarter 4 -0.02 
(0.01) 

7.2 
(2.1) 

165 
(124) 

-0.35 
(0.15) 

29.0 
(9.0) 

517 
(131) 
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Figure 5–1 The cumulative distribution of distance in relation to speed expressed as a quadratic equation for competition level (A) and match 

quarters (B) in AF. 
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Figure 5–2 The cumulative distribution of distance in relation to speed expressed as a quadratic equation for an individual players match in 

AF.
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Figure 5–3 Comparison of Distance Speed Model quadratic coefficients a (Figure a), b (Figure b) and c (Figure c) between competition 

levels and match quarters. Differences are expressed using effect sizes and 90% confidence intervals and were deemed as unclear if the 

confidence limits spanned entirely across over the shaded area (−0.20 to 0.20). 

* Effect size greater than 75% of the smallest worthwhile change (0.20 ES).  Due to the width of the CL of the AFL vs VFL c coefficient 

comparison exceeding the width of the figure axis, the error bars have been removed for visual clarity where the value was ES = -0.21 ± 3.22.  
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Figure5–4 The cumulative distribution of impulse in relation to acceleration expressed as a quadratic equation for competition level (A) and 

match quarters (B) in AF. 
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Figure 5–5 Comparison of acceleration quadratic coefficients a (Figure a), b (Figure b) and c (Figure c) between competition levels and 

match quarters. Differences are expressed using effect sizes and 90% confidence intervals and were deemed as unclear if the confidence 

limits spanned entirely across over the shaded area (−0.20 to 0.20). 

* Effect size greater than 75% of the smallest worthwhile change (0.20 ES).  
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5.4 Discussion 

The purpose of this study was to investigate the accumulation of volume across the 

intensity spectrum for speed and acceleration in AF matches. This study used a 

cumulative volume distribution to quantify running volume across the intensity spectrum, 

and to fit a quadratic model to the distribution to describe the shape of the distribution. 

Specifically, this analysis permitted the quadratic coefficients to be compared for 

competition levels (AFL vs VFL) match quarters for speed and acceleration 

demonstrating the accumulation of volume across matches and quarters. Using the 

quadratic coefficients, this study identified where during the match the most speed and 

acceleration was accumulated (first quarter), and further determined where across the 

intensity spectrum the competition levels (AFL and VFL) differ.   

When interpreting speed, research has typically reported the total volume covered 

at different speed thresholds or ranges (Wisbey et al., 2010). For example, total distance 

(m or km), total high-speed running, total sprint distance, although these discrete 

measurements can limit the context of how such volume was accumulated (Gray & 

Jenkins, 2010). The cumulative volume method used in this study encompasses all the 

data into one visual (Figure 5-1a) and summaries with the coefficients for the quadratic 

model (Table 5-1). When interpreting Figure 5-1a, the maximal value from the y axis 

represents the total volume accumulated, where AFL players accumulated a greater total 

distance (12.8 km) compared to VFL (12.4 km), shown through the subtle shift in the line 

upwards, indicating a greater overall accumulation of volume. Despite this difference 

observed between the different competition levels, this difference is not meaningful given 

it is approximately 3.1% and the known meaningful difference is reported at 

approximately 6% (Kempton et al., 2015). Therefore, the total volume accumulated in 

this study is not a meaningful finding to distinguish between competition levels. The 

maximal value observed on the x axis represents the highest one-minute mean value for 

speed, that for AFL was 191 m·min-1 and VFL, 186 m·min-1, which similarly is not 

deemed a substantial difference. Peak one-minute speeds of AFL one-minute range from 

199 – 223 m·min-1 (Delaney, 2017), however no recent research has examined this for 

the VFL competition. An important and practical finding of this study is that by 

examining the distribution, it was indicated a trend for AFL to accrue more distance 

compared to VFL at intensity greater than 150 m·min-1, which if simply using total match 
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averages or maximal mean intensity to prescribe training may result in poor preparation 

of players. Practically, these findings suggest that VFL players transitioning into AFL 

should be capable to sustain accumulating distance over speeds of 150 m·min-1. This 

information also provides useful insight in designing skill based training drills, as it 

provides specific prescriptive values for practitioners to precisely plan according to (i.e., 

targeting >150 m·min-1 for VFL preparation), potentially resulting in players being more 

accustomed to the physiological demands prior to matches.  

When interpreting acceleration (Figure 5-4a), the maximal value from the y-axis 

represents the total impulse accumulated, demonstrating VFL accumulated greater 

volume compared to AFL (275 kN·s and 273 kN·s respectively). This difference between 

competition levels however, is not a statistically significant difference therefore should 

not be considered as a meaningful factor when comparing AFL to VFL in reference to 

this study. The maximal value observed on the x-axis represents the maximal mean one-

minute acceleration, demonstrating that AFL accumulated impulse at an overall higher 

acceleration (45 m∙min-1∙s-1) compared to VFL (40 m∙min-1∙s-1). This can further be seen 

through the rightward shift of the curve indicating a greater accumulation of volume at a 

higher intensity for AFL. As acceleration is an important physical quality for AF 

(Johnston et al., 2015c), this finding is of practical relevance for practitioners when 

aiming to prepare players for the increasing demands of the competition. When 

comparing the competition levels as shown in Figure 5-3, there were substantial 

differences in the quadratic coefficients (a, b and c). Specifically, the higher a coefficient 

of AFL compared to VFL reflects a narrower distribution, suggesting that impulse is 

accumulated within a smaller range of intensity compared to that of VFL. The b 

coefficient (linear component of the model) was higher for VFL, reflecting that VFL 

accumulated impulse earlier on the acceleration axis, thus accumulated more impulse at 

lower acceleration intensity. More specifically, VFL accumulated greater impulse at 

approximately 30 m·min-1·s-1, while AFL accumulated more impulse at an intensity 

above ~42 m·min-1·s-1. This is an interesting finding, as it suggests the acceleration and 

deceleration variables of AFL are substantially greater than what occurs in VFL. This 

finding also supports previous suggestions that acceleration is a key component when 

quantifying the running demands of team sports, given there are clear differences between 

competition levels.  
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Investigating each quarter of matches provides a more specific understanding of 

the accumulation of volume (speed and acceleration) throughout matches. There was a 

substantial difference in the speed a and b coefficient between quarter one and quarter 

four. Research in AFL has demonstrated that mean speeds of quarters reduce from quarter 

one (142 m·min-1) to quarter four (130 m·min-1) (Mooney et al., 2013). The present study 

identified that maximal mean speed reduced from 195 m·min-1 to 180 m·min-1 from 

quarter one to four respectively. This was also reflected through the distance accumulated 

dropping from 3241 m (Quarter one) to 3088 m (Quarter four), a similar decrease to 

previously reported values in AFL (Quarter one: 3070 ± 630 m; Quarter four: 2840 ± 630 

m) (Wisbey et al., 2010). Other research in AFL has reported total difference differently 

where said distance it is well maintained across a match when expressed relative to 

duration (min) (Aughey, 2010). It is hard to determine the cause given research has 

suggested there is no difference in total distance due to conditioning level, team ranking 

in the competition (i.e. higher vs lower on the competition ladder) or physical capabilities 

(Aughey, 2010). Where other research in AFL, suggested the decline in total volume 

throughout the match was likely resultant from fatigue accumulating from higher physical 

demands in the early stages of the game (Coutts et al., 2010). This is supported by the 

substantial difference (quarter one and quarter four) shown in the present study, displayed 

by the leftward shift in the curve in Figure 1b.  

Following the same pattern as speed, the impulse acceleration model had a 

substantial difference in the a, b and c coefficients between quarter one and four. The 

difference was reflected with quarter one having a greater impulse (70 kN·s) when 

compared to quarter four (67 kN·s). Further, the maximal mean absolute acceleration was 

44 m·min-1·s-1 in quarter one and 41 m·min-1·s-1 in quarter four. The substantial difference 

in coefficient a (Figure 5-5), resulted in a narrower distribution shape, where a greater 

accumulation of volume occurred at higher intensity quarter one (Figure 5-4b). When 

combining these results for both distance and speed, it further supports the concept of 

fatigue contributing to the progressive reduction in intensity throughout the course of 

matches (Coutts et al., 2010; Wisbey et al., 2010).  

Overall, the findings of this research indicate that there are differences in speed 

and acceleration between competition levels and match quarters. This study has presented 

a novel method to quantify the volume and intensity of running that occurs in AF, that 
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has important practical applications for those preparing AF players for competition. By 

using a cumulative distribution, this method allows a visual representation of all the entire 

match file data as opposed to summating values in pre-determined thresholds. The visual 

representation outlines clear intensity and volume that practitioners can consider in their 

training prescription. Whether it be replicating match demands in training or exposing 

sub-elite players to elite levels to prepare them if they are trying to improve their 

performance. The analysis highlighted that acceleration appears to be an important 

variable differentiating the competition levels, due the substantial difference between 

competition levels, where AFL accumulated impulse at higher intensity then VFL. 

Further, the accumulation of volume for both speed and acceleration appeared to decline 

between quarter one to four. More volume was accumulated at higher intensity and 

overall total volume and speed in the first quarter when compared to the fourth, 

suggesting an accumulation of fatigue over the course of matches.  

The limitation highlighted in this study is the difference in observations between 

the AFL and VFL competition, there was a much smaller sample size for the VFL 

observations given there are less players in this cohort compared to the AFL cohort. In 

doing so, a smaller sample size provides less variety in responses therefore the differences 

observed could be partly resultant from a small sample size. Future research should 

endeavour to investigate a large cohort, either multiple clubs or multiple seasons to have 

more equivalent observations to further enhance and support the findings found in this 

study to confirm that the differences observed are true differences across competition 

levels and not resultant from sample size and number of observations recorded.  

 

 

 

 

 

 

 

 

 

 



Quantifying running volume in elite Australian Football players 

 93 
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6.1 Introduction 

The overall aim of periodisation is to elicit a physiological response caused by an exercise 

stimulus, resulting in adaptation leading to an enhancement of performance (Bompa & 

Haff, 2009). Using a periodisation model, preparation for competition or major events 

can be separated into phases, whereby the focus or aim of training changes (Bompa & 

Haff, 2009). The preparatory phase (also known as ‘pre-season’ in team sports), is 

designed to maximise physical adaptations of players in preparation for the upcoming 

competitive phase. In the elite men’s Australian football competition (AFL), the pre-

season phase typically extends from November through to February (Moreira et al., 2015; 

Ritchie et al., 2016). The pre-season phase can be further categorised into mesocycles 

that are approximately four to six weeks in duration (Bompa & Haff, 2009; Moreira et 

al., 2015; Ritchie et al., 2016). In AFL, these mesocycles fall into a ‘pre-Christmas’, 

‘post-Christmas’ and ‘pre-competition’ time periods, where a shift in the prescription of 

training occurs (Buchheit et al., 2015).    

In the AFL pre-season, the three mesocycles can alternatively be referred to as the 

general preparation (pre-Christmas), specific preparation (post-Christmas) and pre-

competition phase. During the pre-Christmas phase, the aim is to develop general fitness 

with a focus on high volume and lower intensity (Moreira et al., 2015). Throughout the 

post-Christmas phase, there is an increased prescription of high-intensity technical and 

tactical drills and more drills designed to simulate or exceed match intensity (Ritchie et 

al., 2016). The pre-competitive phase is a period where practice matches are scheduled, 

and the focus is high intensity with reduced volume (Moreira et al., 2015). During the 

pre-competitive phase there is an increased focus on recovery and rejuvenation in 

preparation for competition (Slattery et al., 2012). Within individual AF training sessions 

there are various drills completed, ranging from low to high intensity consisting of warm-

ups, fundamental skills such as ball handling, kicking, handballing and marking, small-

sided games, full ground simulated match drills, conditioning, and game development 

drills (Moreira et al., 2015; Ritchie et al., 2016). Each drill is completed at varied intensity 

and volume depending on the aim of the drill, which is further specific to the phase and 

the time (Moreira et al., 2015; Ritchie et al., 2016). It is known that the pre-Christmas 

phase accumulates greater distances at a lower intensity (Farrow et al., 2008) compared 

to the post-Christmas phase where the training prescribed is often at a higher intensity 
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and pre-competition where training volume is decreased (Ritchie et al., 2016). Despite 

knowing these differences between phases, the distribution of speed and intensity across 

training is still unknown.  

Throughout a training session various metrics change based on the drill being 

prescribed where distance (m), speed (m⋅min-1) and acceleration (m·min-1·s-1) are deemed 

the most important given their inherent influence on athletic ability (Johnston et al., 2018; 

Sullivan et al., 2014). Understanding how distance, speed and acceleration accumulate 

across the duration of training would assist practitioners in understanding the volume and 

intensity achieved in different drill types to aid in training prescription and design. To 

quantify this accumulation of speed and acceleration, large data sets with continual data 

points are beneficial given they eliminate the need for averaging or summating data 

points.  

Aggregate methods can provide more information as to the accumulation across 

the duration of a training session given this analysis would incorporate datapoints from 

the entire duration and encompass more data (Wilke, 2019). Cumulative distribution, is a 

type of aggregate method which can show the distribution of training volume, which 

utilises the whole data set instead of individual data points (Wilke, 2019). Through this 

analysis, it is possible to gather clear information about the distribution of speed and 

acceleration across the different training drill types, which is yet to be examined in a 

sporting context. Where understanding the distribution of speed and acceleration can 

assist practitioners by providing in depth information around volume and intensity for 

each training drill modality. Therefore, the aim of this study was to examine the 

cumulative distribution of volume during the pre-season phases and training drill 

modalities in AF.  

6.2 Methods 

6.2.1 Participants 

Forty-three professional AFL league players (age; 24.4 ± 4.3 yr, mass; 84.0 ± 10.3 kg and 

stature; 189.0 ± 7.9 cm) from the same club volunteered for this study. Data was collected 

over the 2022 AFL season pre-season period running from November 2021 through to 
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March 2022. The typical training week for players consisted of 2-3 field sessions, 2-3 

resistance sessions and 1-2 additional training sessions completed on field consisting of 

either reduced volume, rehabilitation, additional conditioning, skills training depending 

on the individual requirements of players. Players were classified by playing position as 

follows: forwards (n = 13), midfielders (n = 14), backs (n = 16). The mean (± SD) number 

of observations per player was 29 ± 3. Ethical approval for this research project was 

granted by the Victoria University Human Research Ethics Committee (HRE17-138). 

65.2.2 Study Design 

The study design for this chapter follows the details introduced in chapter 3.2.1 of this 

thesis where the specific data collected relevant to this study was that from training 

sessions conducted throughout the pre-season.. The pre-season phase was further split 

into three different subphases; “pre-Christmas” was any training session completed from 

the beginning of pre-season to the Christmas break in December 2021. The “post-

Christmas” phase was the training sessions from the return after Christmas break in 

January to the commencement of practice games in February. The final phase was the 

“pre-competition” phase including the training sessions from the commencement of the 

practice games up until Round 1 of the 2022 AFL Premiership season in March. 

Training drills were split pre-training into different categories based on the 

estimated work rate (m·min-1) of the given drill. The different categories were; warm up 

(active stretches, movement activations, light jogging, basic skill work), fundamentals 

(<70 m·min-1) comprised of drills that focus on the basic skills of the game completed at 

a low work rate i.e. slow paced handball drills, tackling drills, kicking in partners/groups, 

structure (70 – 128 m·min-1) comprised of football specific drills completed at a higher 

work rate i.e. kicking drills completed down the length of the field of play, high intensity 

handball drills, game plan (>128 m·min-1) comprised of high intensity match simulation 

drills or small sided games and conditioning being any running work without the use of 

a football. For the analysis of this study, warm up and rehabilitation drills were excluded 

from the analysis. The total volume of distance and impulse in each zone across each pre-

season phase, and training drill modality was calculated. The cumulative volume was then 

established relative to intensity for each variable. 
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Visual inspection of the logarithm of the cumulative volume and intensity for both 

distance and impulse showed a quadratic (non-linear curvilinear) relationship for pre-

season phase and training drill modality totals. To describe the distribution of distance 

and impulse across the intensity spectrum quadratic models were established for each 

player for each phase and drill modality.  

6.2.3 Statistical Analysis 

The statistical procedure used in this chapter are detailed in chapter 3.2.2 of this thesis, 

where the specific details relative to the aims of this study will be discussed following. 

Linear mixed models were used to compare the quadratic coefficients from each model 

between pre-season phase (pre-Christmas, post-Christmas and pre-competition), and 

training drill modality (fundamentals, structure and game plan). Specifically, phase or 

drill modality was entered as the predictor (fixed effect).  

6.3 Results 

Table 6-1 presents the coefficients for the speed distance and impulse acceleration models 

for the different pre-season phases (pre-Christmas, post-Christmas and pre-competition) 

and training drill modalities (fundamentals, structure, game plan and conditioning).    

Figure 6-1 depicts the absolute and relative distance accumulated between pre-

season phases for the different drill modalities. It should be noted that for the relative 

plots a shift to the right indicates a greater accumulation of volume at higher speeds. 

Figure 6-2 shows the comparisons between pre-season phases and training drill 

modalities for the distance speed model coefficients (a, b and c). Post-Christmas had 

substantially higher a and c coefficients compared to pre-competition (ES = 0.35; ±90% 

CL = 0.15, 0.53 ± 0.22, respectively). In comparison, the a and c coefficients were 

substantially lower in pre-competition compared to pre-Christmas (-0.35; ±0.15, -0.63 ± 

0.27 respectively). Coefficient b was substantially lower in post-Christmas compared to 

pre competition (-0.35; ± 0.15) and higher in pre-competition compared to pre-Christmas 

(0.45; ± 0.19). The a coefficient was substantially lower in fundamental compared to 

game plan and structure drills (-0.80 ± 0.34 and -2.02 ± 0.85, respectively) and 

substantially lower in game plan drills compared to structure drills (-0.48 ± 0.20).  
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Table 6–1 Coefficients (a, b and c) for speed distance and impulse acceleration model 

for pre-season phases (pre-Christmas, post-Christmas and pre-competition) and training 

drill modalities (fundamentals, structure, game plan and conditioning). Where 

fundamental drills are focused on basic skills of the game completed at low intensity (<70 

m·min-1), structure drills being football specific drills completed at a higher intensity (70 

– 128 m·min-1), game plan being high intensity match simulations or small sided games 

and conditioning being any running drills without the use of a football. 

 

Coefficient a was substantially higher in conditioning drills compared to 

fundamental and game plan drills (1.55 ± 0.65 and 0.47 ± 0.20, respectively). Coefficient 

b was substantially higher in fundamental drills compared to game plan and structure 

drills (0.50 ± 0.21 and 1.54 ± 0.65, respectively) and higher in game plan drills compared 

to structure drills (0.57 ± 0.24). Conditioning drills were substantially lower compared to 

fundamental and game plan drills for coefficient b (-1.15 ± 0.49 and -0.49 ± 0.20, 

respectively). For c coefficients, fundamental drills were substantially higher than game 

plan (0.98 ± 0.41) and game plan drills were substantially lower than structure drills (-

0.95 ± 0.40). Conditioning drills were substantially lower than fundamental and structure 

drills for coefficient c (-1.31 ± 0.55 and -1.23 0.52, respectively).  

 Speed Distance Model Impulse Acceleration Model 

 a b c a b c 

Pre-Christmas 
-0.027 

(0.017) 

8.2 

(2.8) 

172 

(132) 

-0.416 

(0.220) 

32.4 

(11.2) 

520 

(166) 

Post-Christmas 
-0.028 

(0.012) 

8.5 

(2.2) 

157 

(136) 

-0.426 

(0.202) 

32.9 

(10.3) 

522 

(141) 

Pre-competition 
-0.032 

(0.015) 

9.4 

(2.6) 

71 

(181) 

-0.450 

(0.314) 

33.1 

(12.4) 

475 

(165) 

Fundamentals 
-0.040 

(0.010) 

10.2 

(1.7) 

204 

(85) 

-0.525 

(0.250) 

36.8 

(9.7) 

544 

(108) 

Structure 
-0.022 

(0.007) 

7.6 

(1.6) 

217 

(128) 

-0.455 

(0.163) 

33.8 

(8.3) 

559 

(131) 

Game plan 
-0.029 

(0.017) 

9.0 

(2.9) 

78 

(160) 

-0.403 

(0.199) 

32.4 

(11.2) 

472 

(164) 

Conditioning 
-0.021 

(0.014) 

7.6 

(2.6) 

47 

(148) 

-0.312 

(0.269) 

27.6 

(12.9) 

455 

(188) 
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Figure 6-3 shows the absolute and relative impulse accumulated between pre-

season phases for the different drill modalities. It should be noted that for the relative 

plots a shift to the right indicates a greater accumulation of volume at higher acceleration. 

Figure 5-4 shows the comparisons between pre-season phases and training drill 

modalities for the impulse acceleration model coefficients (a, b and c). The c coefficient 

was substantially higher in post-Christmas compared to pre-competition (0.31 ± 0.13) 

and substantially lower in pre-competition compared to pre-Christmas (-0.27 ± 0.11). The 

a coefficient was substantially lower in fundamental drills compared to game plan and 

structure drills (-0.54 ± 0.23 and -0.33 ± 0.12, respectively); and substantially higher in 

game plan drills compared to structure drills (0.29 ± 0.15). Conditioning drills were 

substantially higher than fundamental, game plan and structure drills for coefficient a 

(0.82 ± 0.35, 0.38 ± 0.16 and 0.64 ± 0.27, respectively). Fundamentals drills were 

substantially higher for coefficient b compared to game plan and structure drills (0.42 ± 

0.18 and 0.33 ± 0.13, respectively). Conditioning drills were substantially lower 

compared to fundamental, game plan and structure drills for coefficient b (-0.80 ± 0.34, -

0.40 ± 0.17 and -0.57 ± 0.24, respectively). Lastly, coefficient c was substantially higher 

in fundamental drills compared to game plan drills (0.52 ± 0.22) and substantially lower 

in game plan drills compared to structure drills (-0.59 ± 0.25). Coefficient c was also 

lower for conditioning drills when compared to fundamental and structure drills (-0.58 ± 

0.25 and -0.64 ± 0.27, respectively). 
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Figure 6–1 The cumulative distribution of distance in relation to speed expressed as a quadratic equation for all pre-season phases and 

training drill modalities (fundamentals, structure, game plan and conditioning) displaying absolute distance (top panels) and relative distance 

(bottom panels) in AF.  Where fundamental drills are focused on basic skills of the game completed at low intensity (<70 m·min-1), structure 

drills being football specific drills completed at a higher intensity (70 – 128 m·min-1), game plan being high intensity match simulations or 

small sided games and conditioning being any running drills without the use of a football.



Quantifying running volume in elite Australian Football players 

 101 

 

 

Figure 6–2 Comparison of speed quadratic coefficients a (Figure a), b (Figure b) and c (Figure c) between pre-season phases and training 

drill modalities (fundamentals, structure, game plan and conditioning). Where fundamental drills are focused on basic skills of the game 

completed at low intensity (<70 m·min-1), structure drills being football specific drills completed at a higher intensity (70 – 128 m·min-1), 

game plan being high intensity match simulations or small sided games and conditioning being any running drills without the use of a football. 

Differences are expressed using effect sizes and 90% confidence intervals and were deemed as unclear if the confidence limits spanned 

entirely across the shaded area (– 0.20 to 0.20). 

* Effect size greater than 75% of the smallest worthwhile change (0.20 ES).   
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Figure 6–3 The cumulative distribution of distance in relation to acceleration expressed as a quadratic equation for all pre-season phases and 

training drill modalities (fundamentals, structure, game plan and conditioning) displaying absolute impulse (top panels) and relative impulse 

(bottom panels) in AF.  Where fundamental drills are focused on basic skills of the game completed at low intensity (<70 m·min-1), structure 

drills being football specific drills completed at a higher intensity (70 – 128 m·min-1), game plan being high intensity match simulations or 

small sided games and conditioning being any running drills without the use of a football. 
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Figure 6–4 Comparison of acceleration quadratic coefficients a (Figure a), b (Figure b) and c (Figure c) between pre-season phases and 

training drill modalities (fundamentals, structure, game plan and conditioning). Where fundamental drills are focused on basic skills of the 

game completed at low intensity (<70 m·min-1), structure drills being football specific drills completed at a higher intensity (70 – 128 m·min-

1), game plan being high intensity match simulations or small sided games and conditioning being any running drills without the use of a 

football. Differences are expressed using effect sizes and 90% confidence intervals and were deemed as unclear if the confidence limits 

spanned entirely across the shaded area (– 0.20 to 0.20). 

* Effect size greater than 75% of the smallest worthwhile change (0.20 ES).   
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6.4 Discussion 

This study investigated the accumulation of volume across the intensity spectrum for 

speed and acceleration throughout an AF pre-season and compared the different pre-

season phases and training drill modalities. The cumulative volume distribution used in 

this study showed a clear difference between the different pre-season phases where the 

post-Christmas phase accumulated the greatest speed. When further investigating this 

phase, post-Christmas structure drills accumulated the greatest weekly total distance (7.4 

km). Structure drills also accumulated the greatest weekly distance within the pre-

competition phase being 4.1 km. During the pre-Christmas phase, the greatest weekly 

volume is accumulated during fundamental drills (5.8 km). Fundamental drills 

accumulating the greatest volume during the pre-Christmas phase is expected given the 

nature of the pre-Christmas phase and the training drill modality. The pre-Christmas 

phase is focused on low intensity, high-volume training and basic tactical skills (Bompa 

& Haff, 2009; Farrow et al., 2008; Moreira et al., 2015; Ritchie et al., 2016), where 

fundamental drills are those targeted at developing these basic tactical skills. For the post-

Christmas and then pre-competition phase, training intensity is expected to increase 

(Moreira et al., 2015; Ritchie et al., 2016) which is seen here with greater volume 

accumulating in game plan drills which are designed as the highest intensity drills (>128 

m·min-1). There is also decreased weekly volume from conditioning drills across the 

phases, where pre-Christmas accumulates 3.4 km, decreasing to 1.7 km and 0.5 km 

though post-Christmas and pre-competition respectively. There is a clear shift towards 

more skills-based training as the phases progress whereby this volume is taken away from 

conditioning drills therefore explaining this reduction in volume. These findings are 

expected given, periodisation states low intensity training volume will decrease over the 

pre-season with an increased development of higher intensity training volume and more 

skill-based development (Bompa & Haff, 2009; Farrow et al., 2008).  

Pre-Christmas conditioning drills were completed at the highest one-minute speed 

maximal mean of all of the training drill modalities across all pre-season phases being 

220 m·min-1. The pre-Christmas phase accumulated the highest intensity of the pre-

season compared to all four training drills modalities. However, when excluding 

conditioning drills and only analysing skill-based drills only, post-Christmas had the 

highest intensity, indicating conditioning drills significantly contribute to the distribution 
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of volume and intensity across the pre-season. Conditioning drills within football codes, 

accumulate high speeds given the nature of the drills are designed to elicit high work-

rates to prepare players for the speed demands of competition where reported 

conditioning drills in soccer were designed in improving repeat effort ability (Ade et al., 

2014) and in rugby league targeted at maximal aerobic speed running (Gabbett & 

Godbolt, 2010). Repeated effort ability and maximal aerobic speed running have proven 

to improve through AF specific conditioning drills that are designed by the clubs high 

performance practitioners (Corbett et al., 2017). Given conditioning drills are running 

based and do not account for game scenarios, change of direction and decision making it 

can be easier to accumulate higher speed given the one-dimensional structure (Gabbett, 

2006b). When drills were focused on game scenarios, incorporating change of direction 

and decision making the highest one-minute mean was reduced to 175 m·min-1 which was 

achieved in pre-Christmas and pre-competition structure drills.  

By examining the distribution of the speed distance model, there is a clear 

reduction in speed and weekly volume for fundamental and conditioning drills as the pre-

season progresses. This reduction in speed could be attributed to the prescription of 

training when following a periodisation model as prescribed by the high-performance 

manager for the club from which this current study was analysing. Where there is a shift 

between longer, high volume conditioning at the beginning of pre-season and shorter, 

high intensity-based drills closer towards competition (Bompa & Haff, 2009; Gabbett & 

Godbolt, 2010). This reduction in speed and volume can be explained with the decreased 

intensity focus of conditioning and fundamental drills as the pre-season progress, where 

these drills are completed at a reduced capacity. Fundamental drills accumulate less 

volume given there is less training time dedicated to these drill types and more time 

dedicated to structure and game plan drills, evident from the increased weekly volume 

for both structure and game plan drills into the post-Christmas phase. This shift in training 

prescription is also evident through the total weekly volume where the post-Christmas 

phase had the highest weekly distance accumulated (18.1 km) compared to pre-Christmas 

(15.9 km) and lastly, pre-competition (10.4 km).  

Across all pre-season phases, the greatest impulse was accumulated during post-

Christmas (505 kN·s), followed by pre-Christmas (437 kN·s) and lastly pre-competition 

(259 kN·s). Further analysing training drill modalities, post-Christmas conditioning drills 
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accumulated impulse at an overall higher acceleration of 49 m∙min-1∙s-1. Despite this, 

post-Christmas game plan drills accumulated greater impulse at an acceleration of 41 

m∙min-1∙s-1, being the highest achieved for skills-based training. This can further be seen 

through the rightward shift of the curve, indicating greater accumulation of volume for 

conditioning and game plan drills, specifically from the post-Christmas phase. These 

findings are novel, given no previous research has analysed acceleration in m∙min-1∙s-1 

and further the distribution of this acceleration. Research has reported acceleration in 

regard to total acceleration efforts (Wisbey et al., 2010) or acceleration load (Thornton et 

al., 2022), which are not comparable to the acceleration measured in this study.   

Acceleration is a known important physical quality for AF (Aughey, 2010; 

Johnston et al., 2015d), therefore understanding which drill types elicit these high rates 

of acceleration can assist practitioners when preparing players for the demands of AF. 

Fundamental drills have the lowest acceleration for post-Christmas and pre-competition. 

The low acceleration is unsurprising, given fundamental drills are designed to be of the 

lowest intensity of the three training drill modalities. During the pre-Christmas phase, 

fundamental drills have a higher acceleration 38 m∙min-1∙s-1, however, this could be 

proportional to the amount of time spent completing these drills, given pre-Christmas had 

the greatest volume accumulated in fundamental drills.  

There were substantial differences in the quadratic coefficients (a, b and c), 

specifically, the higher coefficient a of fundamentals compared to game plan, structure 

and conditioning drills reflects a narrower distribution, suggesting that impulse is 

accumulated within a smaller range of intensity compared to game plan, structure and 

conditioning drills. The narrow distribution of impulse for fundamental drills makes sense 

given fundamental drills were designed in much smaller field sizes than those of game 

plan and structure drills which often utilise a half to full field and conditioning drills 

which are typically long distance open-field designs. Fundamental drills will inherently 

have smaller areas to generate larger acceleration, and given fundamental drills are low 

intensity skill-based drills, a lower acceleration is expected. The present study found in 

fundamental drills, acceleration ranged between 34 -38 m∙min-1∙s-1 where gameplay drills 

ranged from 39 - 41 m∙min-1∙s-1, structure drills 36 - 39 m∙min-1∙s-1 and conditioning drills 

38-49 m∙min-1∙s-1. The b coefficient (linear component of the model) was higher for 

fundamental drills, reflecting these drills accumulated impulse earlier on the acceleration 



Quantifying running volume in elite Australian Football players 

 107 

axis, therefore accumulating impulse at lower acceleration intensity. Fundamental drills 

accumulated the lowest acceleration and impulse out of all drill modalities, demonstrating 

fundamental drills are the least intense drills, while game plan are the most intense skills-

based which supports the design and categorisation of these drills in their existing training 

prescription. Despite these findings being substantial the shift in the curves for the 

acceleration impulse model are visually less clear when compared to the speed distance 

models, suggesting that this increase in intensity is resultant from an increase in higher 

speed running, as opposed to greater acceleration and deceleration efforts.   

Overall, the findings of this research indicate that there are substantial differences 

in speed and acceleration between pre-season phases and training drill modalities 

supported by the design of periodisation and the goal for each pre-season phase. This 

study has presented a newly developed method introduced in Chapter 5 of this thesis, to 

quantify the volume and intensity of running that occurs in an AF pre-season, that has 

important practical applications for those preparing training sessions for AF players. 

Through using a cumulative distribution, there was a visual representation of entire pre-

season training files as opposed to summating values in pre-determined thresholds. The 

analysis demonstrated that acceleration is an important variable differentiating between 

training drill modalities, due to the substantial differences between drills, where 

conditioning drills accumulated greater impulse than fundamental, structure and game 

plan drills. Where game plan drills accumulated the greatest amount of impulse at higher 

intensity.  This suggests that when periodising their training performance staff should 

incorporate conditioning drills if they are seeking to achieve absolute maximal 

acceleration, or game plan drills if they are wanting a skills-based drill that will 

accumulate a large amount of acceleration at a higher intensity. Further, the post-

Christmas phase accumulated the largest amount of volume, whilst still maintaining a 

high intensity. These findings support the use of different training drill modalities which 

can be implemented and manipulated to meets the demands of each pre-season phase 

following the guidelines of periodisation. Despite this study being completed during a 

pre-season phase, it has transferable qualities to both pre-seasons and in-season phases in 

regard to periodisation. These findings can assist in regard to periodisation within an in-

season phase as the results provide insight as to which training drill modalities are catered 

towards providing greater overall volume (structure), the greatest intensity (conditioning 

drills) and also how conditioning vs skill-based training drill modalities differ (highest 
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intensity achieved in drills that are open plan, no decision making i.e., conditioning vs 

closed areas with decision making and strategy i.e., game plan drills). Based on the 

capacities the practitioner wants to develop/focus on based a match day turnaround and 

the availability of training sessions, training can then be designed based on what each 

type of training drill modality elicits.  

 The limitations of this study include the descriptive nature whereby training drills 

were classified into their various modalities being; fundamentals, structure, game plan 

and conditioning. Conditioning drills are relatively well reported in the literature and 

easily comparable, whereas the skills-based training modalities are harder to correlate 

given the thresholds identified the categorise the training drills were determined by the 

club practitioner. Therefore, the classification is highly specific to the AFL club used for 

this research which can pose a challenge for external practitioners to relate their findings 

to. Despite the training drill classification used there is still large variation amongst 

training drills as each drill offers a different training stimulus, where future research 

should seek to explore the distribution of training and the subsequent training effects of 

the varying stimuli.  
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CHAPTER 7. STUDY 4 – INVESTIGATING THE EFFECTS OF MATCH 
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7.1 Introduction 

Performance is the result of fitness, minus fatigue (Calvert et al., 1976), whereby 

periodised training can improve players fitness and reduce fatigue (Borresen & Lambert, 

2009). The concept of periodisation and how training stimulus is manipulated can be 

drawn from the previous chapter (Chapter 6).  Depending on the sport, training is either 

designed around a major competition i.e. swimming, or a more reoccurring competition 

i.e. AFL (Bompa & Haff, 2009). Specific to AFL, matches are played on a weekly basis 

and the amount of days between games varies depending on the fixture design (Moreira 

et al., 2015). To best prepare players for their preceding match, training loads, more 

specifically, volume and intensity are manipulated during the week and session design is 

periodised around how many days break there is between matches i.e., match turnaround 

length.  

 There is a known difference between the load accumulated throughout training 

sessions when compared to matches given the difficulties in replicating match demands 

in training sessions (Corbett et al., 2017; Gabbett & Mulvey, 2008). These difficulties are 

reported in the literature and are prevalent given the dynamic nature of AFL (Appleby & 

Dawson, 2002), where training should be prescribed based on both physical and technical 

capacities (Corbett et al., 2017). Within these capacities, there are multiple constraints 

that can affect both the physical and tactical capacities relating to the individual 

(anthropometric variables, physiological capability), environment (external pressure) and 

task (rules and requirements within the drills)(Corbett et al., 2017; Magill, 2021). 

However, it is unknown whether the volume of distance and intensity accumulated during 

a match is influenced by the number of days break the players have between matches 

(between match turnaround length).  

Between match turnaround length has been reported to influence match 

performance and the training volume within the training week regarding total volume 

(Colby et al., 2014; Drew & Finch, 2016; Mujika et al., 1995). It is known that training 

loads are manipulated based on fixtures which dictate the turnaround length between 

matches, however, this reduction in training load can be a combination of multiple factors 

such as; reduced training exposure, greater emphasis on recovery, lower intensity sessions 

or education sessions, however, this reduction is often underreported in the literature for 
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the exact reasoning. Short turnaround lengths of <6-days and longer turnaround lengths 

of >7-12 days have reduced total training distances when compared to turnaround lengths 

greater than 12 days (Esmaeili et al., 2020; Ryan et al., 2017). Shorter turnaround lengths 

provide less opportunity for players to train (Ryan et al., 2017) given AF players require 

four days post-match to recover their neuromuscular and endocrine responses (Cormack 

et al., 2008). Despite this, there are no negative effects on high-speed running distances 

in matches when having a short or long turnaround length, suggesting these AF players 

are well conditioned in regard to their recovery, targeted at reducing fatigue (Esmaeili et 

al., 2020; Ryan et al., 2017). To ensure players are well conditioned and recovering, it is 

important to monitor the training being completed, specifically measuring variables such 

as position, displacement, velocity and acceleration (Aughey, 2011).  

Acceleration is an important variable given an athlete’s ability to accelerate and 

decelerate quickly impacts performance (Ellens et al., 2022) through an accumulation of 

high intensity workloads (Osgnach et al., 2010). Distance (m), speed (m⋅min-1) and 

acceleration (m·min-1·s-1) are the most commonly monitored variables given how 

influential these metrics are on athlete performance (Johnston et al., 2018; Sullivan et al., 

2014). Emphasised through the results found from the previous studies in this thesis, 

where there were clear differences in acceleration between different competition levels 

(Chapter 5) and pre-season phases and training drill modalities (Chapter 6). Further 

supporting acceleration being a key component when quantifying running demands of 

team sports, and AF specifically through this research. Despite the importance of 

monitoring acceleration, there are issues with data being misinterpreted due to the type 

of tracking technology used (Delves et al., 2021; Varley et al., 2017), software used 

(Buchheit et al., 2014) and the data filtering process (Delves et al., 2021; Varley et al., 

2017). Previous research has recommended quantifying the absolute average acceleration 

instead of using whole-match or session averages (Delaney et al., 2017; Gabbett et al., 

2014), however, acceleration is often reported in the literature in terms of total 

acceleration efforts (Wisbey et al., 2010) or acceleration load (Thornton et al., 2022), 

which are not comparable to the acceleration measured in this study. The volume of 

acceleration, represented through impulse (kN·s-1) has only been investigated through 

one research study in women’s AF (Thornton et al., 2020), however the quantitative 

findings cannot be compared to this cohort. There has been a plethora of research 

examining the intensity experience in team sports (for a review see Weaving et al. 
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(2022)), however investigating the distribution of volume is a new approach where there 

is a lack of research to provide comparable findings.  

Understanding how speed and acceleration accumulate across the training week 

and across different between match turnaround lengths would aid practitioners in regard 

to their training prescription and design. Future training design can be manipulated 

seeking to replicate distances accumulated at maximal speed and accelerations identified 

through the cumulative distribution model, which provides an opportunity to replicate 

match demands in training. Additionally, providing further context as to whether the 

number of days between matches influences players the volume of speed and acceleration 

accumulated and the intensity at which the volume is accumulated at. To best position 

practitioners to understand this accumulation, it is recommended to work with larger 

amounts of data to eliminate the need for summating or averaging data and hence, risk 

losing context (Wilke, 2019). Aggregate methods such as a cumulative distribution as 

introduced through Chapter 5 & 6 of this thesis, can provide clear information around the 

distribution of speed and acceleration across the training week and compare amongst 

different turnaround lengths, which is yet to be examined, specifically in AFL. Therefore, 

the aim of this study was to examine the cumulative distribution of volume during 

different between match turnaround lengths for the 2022 AFL premiership home and 

away season. Secondly, to also identify what stage of the training week accumulates the 

greatest volume (training or matches) and whether this varies between different 

turnaround lengths. Answers to these questions could assist with providing greater 

context to the existing knowledge by acknowledging the changes reflected through 

acceleration which is an underreported area and also provide a visual representation of 

how the volume is accumulating as opposed to single figures stating maximal achieved 

for various metrics.  

7.2 Methods 

7.2.1 Participants 

Forty-three professional AFL league players (age; 24 ± 4 yr, mass; 84 ± 10 kg and stature; 

189 ± 8 cm) from the same club were recruited for this study. Data were collected over 

the 2022 AFL competitive season period running from March 2022 through to September 
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2022. The typical training week for players consisted of 1-3 field sessions, 1-3 resistance 

sessions and 1-2 additional on legs sessions consisting of either reduced volume, rehab, 

additional conditioning, skills training depending on the individual requirements of 

players. Players were classified by playing position as follows: forwards (n = 13), 

midfielders (n = 14), backs (n = 16). The mean (± SD) number of observations per athlete 

was 48 ± 12. Ethical approval for this research project was granted by the Victoria 

University Human Research Ethics Committee (HRE17-138). 

7.2.2 Study Design 

The study design implemented in this chapter follows that outlined in chapter 3.2.1 of this 

thesis where the specific data collected relevant to this study was that from main training 

sessions and matches. Of the matches, 2 were recorded using LPS due to playing at an 

enclosed stadium (Broadcaster Version 3.4.1).  

The specific comparisons to meet the aims of this study where; quarters and 

competition level. When calculating total volume and impulse within each zone, this was 

split into each match quarter as well as competition level. Visual inspection of the 

logarithm of the cumulative volume and intensity for both distance and impulse showed 

a quadratic (non-linear curvilinear) relationship for quarter and game totals. To describe 

the distribution of distance and impulse across the intensity spectrum quadratic models 

were established for each player for each quarter and game. All files were categorised 

into different groups dependent on the number of days between the teams matches 

according to the 2022 AFL season fixture (between match turnaround length). The 

between match turnaround lengths included; less than seven days (<7), either seven or 

eight days (7-8) or more than eight days (>8). Between match turnaround length 

categories were decided based upon the number of observations recorded where the three 

categorise used provided an even spread of data across each. The total volume of distance 

and impulse in each zone across each between match turnaround length for main training 

sessions and matches were calculated. The cumulative volume was then established 

relative to intensity for each variable. 

Visual inspection of the logarithm of the cumulative volume and intensity for both 

distance and impulse showed a quadratic (non-linear curvilinear) relationship for each 
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between match turnaround length total. To describe the distribution of distance and 

impulse across the intensity spectrum quadratic models were established for each athlete 

for between match turnaround length. 

7.2.3 Statistical Analysis 

The statistical analysis used in this chapter is outlined in chapter 3.2.2 of this thesis, where 

the specifics of this chapter will be outlined. Linear mixed models were used to compare 

the quadratic coefficients from each model across the different between match turnaround 

lengths (<7, 7-8 and >8) for matches and main training sessions. Specifically, between 

match turnaround length and training drill modality was entered as the predictor (fixed 

effect).  

7.3 Results 

Table 7-1 presents the coefficients for the speed distance and impulse acceleration models 

for the between match turnaround lengths (<7, 7-8 and >8) and modalities (training and 

matches). Figure 7-1 depicts the distance accumulated in the quadratic equations for 

between match turnaround lengths and modalities for the speed coefficients comparing 

absolute distance (A) and relative distance (B). Figure 7-2 demonstrates the comparisons 

between match turnaround lengths and modalities for the distance speed model 

coefficients (a, b and c). When comparing turnaround length data, speed coefficient c for 

training sessions was substantially higher for >8 day turnarounds compared to 7-8 days 

(ES = -0.32; ±90% CL = 0.17). A point to note regarding Figure 7-2, is the confidence 

limits for coefficient b for the comparison within training sessions from <7 day and >8 

day between match turnaround length is wide given there is a high degree of uncertainty 

with the data recorded for this specific coefficient within this comparison.  

Figure 7-3 displays the distance accumulated in the quadratic equations between 

match turnaround lengths and modalities for the acceleration coefficients comparing 

absolute distance (A) and relative distance (B). Figure 7-4 demonstrates the comparisons 

between match turnaround lengths and modalities for the impulse acceleration model 

coefficients (a, b and c). No comparisons for the impulse acceleration model were 

significant.  
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Table 7–1 Coefficients (a, b and c) for speed distance and impulse acceleration model 

for the different between match turnaround lengths (<7-days, 7-8-days and >8-days) for 

the two different modalities (training and matches). 

 Speed Distance Model Impulse Acceleration Model 

 a b c a b c 

Training: <7-days 
-0.03 

(0.01) 

9.0 

(1.5) 

214 

(80) 

-0.50 

(0.20) 

37.7 

(7.8) 

539 

(101) 

Training: 7-8-days 
-0.03 

(0.01) 

9.0 

(1.4) 

230 

(84) 

-0.50 

(0.16) 

37.1 

(7.6) 

559 

(92) 

Training: >8-days 
-0.03 

(0.01) 

9.1 

(1.6) 

203 

(84) 

-0.49 

(0.31) 

35.8 

(10.1) 

557 

(103) 

Match: <7-days 
-0.02 

(0.01) 

6.7 

(1.4) 

286 

(74) 

-0.31 

(0.09) 

26.6 

(5.1) 

691 

(68) 

Match: 7-8-days 
-0.02 

(0.00) 

6.7 

(1.3) 

286 

(69) 

-0.30 

(0.09) 

26.2 

(5.3) 

689 

(81) 

Match: >8-days 
-0.02 

(0.00) 

6.8 

(1.2) 

293 

(66) 

-0.32 

(0.09) 

27.1 

(5.2) 

693 

(71) 

 



Quantifying running volume in elite Australian Football players 

 116 

 

Figure 7–1 The cumulative distribution of distance in relation to speed expressed as a quadratic equation for all between match turnaround 

lengths (<7-days, 7-8-days and >8-days) and modalities (training and matches) displaying absolute distance (top panels) and relative distance 

(bottom panels) in AF. 
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Figure 7–2 Comparison of speed quadratic coefficients a (Figure a), b (Figure b) and c (Figure c) between match turnaround lengths (<7-

days, 7-8-days and >8-days) and modalities (training and matches). Differences are expressed using effect sizes and 90% confidence intervals 

and were deemed as unclear if the confidence limits spanned entirely across the shaded area (– 0.20 to 0.20). 

* Effect size greater than 75% of the smallest worthwhile change (0.20 ES).   
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Figure 7–3 The cumulative distribution of distance in relation to acceleration expressed as a quadratic equation for all between match 

turnaround lengths (<7-days, 7-8-days and >8-days) and modalities (training and matches) displaying absolute impulse (top panels) and 

relative impulse (bottom panels) in AF. 
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Figure 7–4 Comparison of acceleration quadratic coefficients a (Figure a), b (Figure b) and c (Figure c) between match turnaround lengths 

(<7-days, 7-8-days and >8-days) and modalities (training and matches). Differences are expressed using effect sizes and 90% confidence 

intervals and were deemed as unclear if the confidence limits spanned entirely across the shaded area (– 0.20 to 0.20). 

* Effect size greater than 75% of the smallest worthwhile change (0.20 ES).
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7.4 Discussion 

The purpose of this study was to investigate the accumulation of volume across 

the intensity spectrum for speed and acceleration across the different match turnaround 

lengths during an entire AF season. A secondary aim was to confirm the greatest volume 

is accumulated in matches and provide further context around the changes between 

intensity across the various between match turnaround lengths. The cumulative volume 

distribution analysis used in this study showed a clear difference between the volume 

accumulated in matches and training sessions.  Matches are expected to have the greatest 

volume during a training week (Ritchie et al., 2016), however, comparing the volume 

during matches across different between match turnaround lengths is a new investigation. 

These aims served to build upon existing research and fill the missing gaps regarding 

acceleration and also provide a visual representation of how volume is accumulating to 

provide greater insight.  

Matches accumulated the greatest weekly distance being, 12.6 km for >8-day, 

12.4 km for 7-8-day and 12.1 km for <7-day between match turnaround lengths and 

achieved one-minute maximal mean speeds of 190 m·min-1 for >8-day and 195 m·min-1 

for both 7-8-day and <7-day turnaround lengths. Where training sessions only 

accumulated weekly distances of 8.3 km for >8-day, 10.7 km for 7-8-day and 10.5 km 

for <7-day between match turnaround lengths and achieved one-minute maximal speeds 

of 155 m·min-1 for all between match turnaround lengths. There is a clear difference in 

the one-minute maximal mean speed achieved through matches when compared to 

training sessions, where matches regardless of the between match turnaround length will 

accumulate higher one-minute mean speeds. Given the known challenges of replicating 

match intensity and volume in training (Corbett et al., 2017; Gabbett & Mulvey, 2008), 

it has been shown that matches achieve higher maximum speeds compared to training 

(Ritchie et al., 2016). Greater than eight-day between match turnaround lengths have the 

lowest one-minute maximal mean speed and lowest distance accumulated suggesting this 

is the least intense between match turnaround length when considering overall training 

load. There was one substantial difference in the quadratic coefficients (a, b and c). 

Specifically, the higher c coefficient for >8-day between match turnaround length 

compared to 7-8-day turnaround, reflecting more distance was accumulated at lower 

speeds for the >8-day turnaround compared to the 7-8-day between match turnaround 
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length which supports being the least intense between match turnaround length. This 

suggests, that in a longer between match turnaround week there is a greater focus on 

recovery compared to shorter between match turnaround lengths. 

Training prescription needs to maintain performance whilst also reduce the risk 

of injury (Colby et al., 2014; Drew & Finch, 2016; Mujika et al., 1995), where recovery 

sessions are emphasised between training sessions to aid in preparing players for their 

next competition (Bahnert et al., 2013; Barnett, 2006). When comparing the volume 

accumulated in training sessions, there was a substantial difference from >8-day 

turnaround (8.3 km) to 7-8-day between match turnaround length (10.7 km). The notable 

difference between these between match turnaround lengths is the number of days 

between matches which has a direct influence on the amount of training sessions 

prescribed, therefore effecting the periodisation of training. Suggesting there is a greater 

emphasis on recovery in the weeks with a longer between match turnaround length, given 

the reduction in training volume compared to a shorter between match turnaround length. 

Previous research in collision sports has stated during shorter between match turnaround 

lengths, there are fewer training sessions when compared to longer between match 

turnaround lengths, therefore training volume needs to be maximised in these sessions  

(Gabbett & Domrow, 2007; Gabbett, 2004). Given this research you would expect >8-

day between match turnaround lengths to have a higher training volume as there are likely 

more sessions given there is more days in which the players can train between their 

matches. Contrary to this, for this respective season in AFL, the between match 

turnaround lengths >8-day are all bar one due to a bye, where the remaining one was from 

the Easter period in which players are given a 4-day break to recover post-match. Based 

on this, there was less opportunity to train therefore accounting for this reduction in 

volume for >8-day between match turnaround lengths. Therefore, the training week with 

a between match turnaround length >8-days may not be consistent with other between 

match turnaround lengths (Wing et al., 2021). Determining this reduction in speed and 

volume as unconfirmed whether it is a result of the type of training between match 

turnarounds of this length or due to external factors i.e., 4-day break, extra days off, more 

recovery sessions. These reductions in speed and volume in between match turnaround 

lengths >8-day are the opposite of what can be seen in the impulse acceleration model.  
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A key physical quality for AF performance is acceleration (Aughey, 2010; 

Johnston et al., 2015d), justifying the importance of understanding how acceleration is 

accumulated throughout the training week and where any differences arise to aid 

practitioners in preparing players for the demands of AF and taking these values into 

consideration when prescribing recovery. Across all between match turnaround lengths, 

>8-day turnaround accumulated the greatest volume of impulse being 298 kN·s, where 

7–8-day between match turnaround length accumulated 284 kN·s and <7-day between 

match turnaround length accumulated 282 kN·s. Further analysing these between match 

turnaround lengths, >8-day and <7-day between match turnaround lengths accumulated 

impulse at the same acceleration of 42 m∙min-1∙s-1 where 7-8-day between match 

turnaround accumulated impulse at a slightly higher acceleration of 43 m∙min-1∙s-1. 

Similar to the findings from the speed distance model, matches regardless of between 

match turnaround length, always accumulated a greater volume of impulse and at higher 

accelerations compared to training sessions. All training sessions achieved the same one-

minute maximal mean acceleration of 37 m∙min-1∙s-1 where the volume accumulated was 

greatest for >8-day between match turnaround length being 274 kN·s, followed by <7-

day between match turnaround length (252 kN·s) and lastly 7–8-day between match 

turnaround lengths (186 kN·s). These difference between training and matches can 

further be seen in the rightward shift of the curve for matches in Figure 7-3 indicating 

volume is accumulated at a higher intensity. There is limited comparison available with 

regards to how acceleration was analysed within this study as previous research reports 

acceleration as a value of efforts (Wisbey et al., 2010) or acceleration load (Thornton et 

al., 2020).  

Overall, the findings of this research indicate that there are differences in speed 

and acceleration between turnaround lengths when comparing between modalities. This 

study used a novel approach to quantify the volume and intensity of running that occurs 

throughout an entire AF competitive phase, that has important practical applications for 

those monitoring training for AF players. This information can assist practitioners in 

training design when prescribing the season given, this research has shown as long as 

training is periodically manipulated according to the days break between matches, there 

is no detrimental effect on maximal speed and acceleration the players are able to achieve 

in matches. Through the use of a cumulative distribution, whole training and match files 

were visually displayed as opposed to summation value in pre-determined thresholds. 
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This analysis demonstrated that both speed and acceleration are important when 

differentiating between match turnarounds lengths in regard to the modality. Where 

greater speed and distance is accumulated in matches compared to training sessions 

irrespective of between match turnaround length. Further, >8-day between match 

turnaround lengths accumulate greater impulse at a higher intensity compared to 7-8-day 

and <7-day between match turnaround lengths. These findings confirm that matches are 

the most intense activity and accumulate the most distance within a training week in AF 

and that with appropriate periodisation, speed and acceleration in matches are not affected 

based on the between match turnaround length. 

The underlying limitation of this study revolves around the categorisation of 

different between match turnaround lengths. The decisions made in this study were based 

on the data set available and appropriate sample sizes to have sufficient observations in 

each category. Future research should endeavour to use a larger data set in turn providing 

a larger number of observations so the categories for different match turnaround lengths 

can be justified with greater strength and may highlight greater relationships based on 

larger sample sizes for each match turnaround length.  
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CHAPTER 8. SUMMARY AND CONCLUSIONS 
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8.1 Main Findings 

Training periodisation is a known important concept to expose players to structured and 

monitored training loads to provide the opportunity for training adaptations designed to 

improve performance (Bompa & Haff, 2009). Training can be manipulated through 

volume and intensity which is reflected through variables such as, total distance, high 

speed distance, maximal speed and acceleration (Bompa & Haff, 2009; deCunanan et al., 

2018; Mujika et al., 2018).  Selecting the most applicable monitoring tools to track these 

variables is of upmost importance for practitioners and is not a simple answer as there are 

countless tools available. The ability to predict match performance based from training 

data would be beneficial to practitioners as this could assist with team selection and match 

decisions. However, no such monitoring tool has been developed and validated to 

consistently infer match performance within the scope of this research. There are reported 

difficulties with replicating match demands in training due to the dynamic nature of AF 

(Appleby & Dawson, 2002), suggesting if new approaches that have not previously been 

recorded are considered, targeted at replicating match demands, this may assist in being 

able to predict match performance. Speed and acceleration are known important variables 

within AF (Aughey, 2010; Johnston et al., 2015b) where acceleration is under reported in 

the literature due to a range of different metrics being used to quantify this running 

activity, thus making comparisons difficult. This suggests that more research is required 

investigating acceleration during training and matches in AF to fill the gap in this research 

area.  

To address the aims of this thesis, four studies were conducted. Study 1 investigated 

the use of common monitoring tools in their correlation to performance identified through 

Champion Data© ratings points. In study 2, a novel approach was used to analyse the 

GNSS data recorded from matches to provide further context around how distance is 

being accumulated across matches and between different competition levels. Study 3 

expanded on study 2, in which the same analysis was used but applied to different 

conditions, being the comparison between different pre-season phases and training drill 

modalities. This understanding can further assist practitioners in their training 

prescription and design by understanding how distance is accumulated across the speed 

spectrum. Lastly, study 4 quantified the difference between match turnaround lengths 

and training drill modalities. This study provided context regarding if there are any effects 
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on speed and acceleration profiles across different match turnaround lengths. The main 

findings are summarised as; 

• Study 1 found that none of the current training monitoring tools implemented by 

the club included in the study showed any substantial relationship with match 

performance, therefore, predicting players’ performance using wellness 

questionnaires or current GNSS monitoring variables have limited practical use. 

• Study 2 quantified the distribution of speed and acceleration between quarters 

and competition level in AF.  It was demonstrated that AFL players accumulate 

distance and impulse at higher intensity then those in VFL.  

• Study 2 found within AF matches, quarter one accumulates greater distance at 

higher intensity compared to that of quarter four, suggesting fatigue is a likely 

contributor across match duration.  

• Study 3 showed that conditioning drills accumulate impulse at the highest 

intensity.  When investigating skill based training drills, game plan drills 

accumulated impulse at the highest intensity and therefore are the most intense 

skill based drill. 

• Study 3 determined that the post-Christmas pre-season phase accumulates the 

greatest volume of speed and acceleration.  

• Study 4 identified match turnaround length doesn’t appear to substantially affect 

the speed and acceleration distribution in training, however it was found that 

matches regardless of turnaround length always accumulate the greatest distance 

at a higher intensity.  

All quantified findings reported from each study may not have direct replicability to other 

AF clubs and competition levels, however, a similar pattern would be expected for all 

comparisons based on the known information around typically training structure within 

AF. Given the nature of the AFL competition exposes all clubs at the elite level to a 

rotating fixture where each club experiences various between match turnaround lengths, 

typical training structure follows two or three main training sessions (match turnaround 

length dependent), three pre-season phases and various skills and conditioning based 

training drills. The main limiting factor for the ability of these results to be compared 

would be the way training drill modalities were determined in this study, as this was 
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specific to this particular AF club, however, specific work rate thresholds were identified 

for future research to be adapted to, providing scope for direct comparisons to be made.  

8.2 Summary 

Speed and acceleration are important variables within AF (Aughey, 2010; Johnston et al., 

2015b) and the distribution of speed and acceleration does vary across different 

conditions within training and matches. The distribution of speed across all comparisons 

from this thesis can be seen in Figure 8-1 and the distribution of acceleration can be seen 

in Figure 8-2.  

Acceleration is a key variable in identifying differences between competition 

levels, training drill modalities and between match turnaround length. It is clear that 

matches accumulate the greatest distance within a training week in AF (Study 4), where 

>8 day between match turnaround lengths are the most intense matches (Study 4) and 

quarter one accumulates the greatest volume of both speed and acceleration at the highest 

intensity (Study 2). When investigating training sessions, the post-Christmas pre-season 

phase accumulated the largest amount of volume, maintaining a high intensity (Study 3), 

where conditioning drills accumulate the greatest impulse and game plan drills are the 

most intense (Study 3).  

8.3 Limitations 

Throughout this thesis there were factors identified that could be at fault for the nil 

findings or areas that could be expanded on to further develop the knowledge sought after 

through the various studies where the limitations are described below.  

1. In Study 1 Champion Data© rating points and coaches subjective ratings had no 

statistically significant correlation on each other identifying that they are 

quantifying different aspects if the game and therefore preference cannot be given 

to one over the other in regard to measuring performance. Champion Data© rating 

points measure players performance objectively through quantifiable actions 

whereby coaches measure players performance subjectively, often thought to be 

influenced by quantifiable actions.  However, there is room for bias and this was 

not investigated through this research. 
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2. Study 1 found no meaningful relationship between GNSS, wellness metrics, 

Champion Data© rating points, or coaches subjective ratings.  This suggests that 

these variables cannot be used to predict performance in a practical setting. It 

could be suggested that more insight could be gleaned by using a metric better 

aligned with performance, such as acceleration which was not analysed in this 

study. Wellness monitoring can be a heavily biased monitoring tool when using 

an adapted AROM scale that has not been validated which is common practice 

and was employed at this particular club whereby this data was collected. This 

can lead to players becoming accustomed to answering with a particular answer 

without providing much thought to the response for various cognitive and 

situational factors discussed previously in section 2.5.3.2.  It therefore poses the 

potential that the results are not a true representation of how the players are 

feeling. This is hard to eliminate and perhaps emphasises that the particular 

wellness questionnaire utilised in this club is not an appropriate tool to assess 

performance.  Regardless, wellness monitoring can still be used to quickly assess 

the athlete and provides a conversational piece to gain insight into players 

subjective states. This study identified that future research should consider 

objective tools that have higher correlation with performance such as acceleration, 

prompting the direction for the proceeding studies completed or utilising a 

validated AROM to provide training effect status of players.  

3. In Study 2, matches were compared between different competition levels being 

AFL and VFL. It was concluded that the overall volume accumulated in AFL is 

higher than that in VFL. The difference between competition levels can be 

observed at 150 m·min-1 where AFL accumulates more distance at and greater 

than this speed in comparison to VFL. In comparison VFL demonstrates a greater 

accumulation of distance at lower speeds. When examining acceleration, the 

rightwards shift in the distribution AFL indicates a higher maximal acceleration 

is achieved and more impulse is accumulated at higher intensities. In contrast, 

VFL displayed a greater overall total volume of impulse indicating a higher 

volume of acceleration and decelerations at lower intensities. 
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Figure 8–1 Volume of distance accumulated at varying speed for each comparison 

investigated throughout the thesis from studies 2-4. The x axis displays the maximal one 

minute acceleration achieved by each comparison made throughout all of the data 

observations reported in studies 2-4 and the total impulse accumulated at that maximal 

acceleration on the y axis. Training comparisons can be categorised as; Pre-xmas 

Fundamentals, Post-xmas Fundamentals, Pre-comp Fundamentals, Pre-xmas Structure, 

Post-xmas Structure, Pre-comp Structure, Pre-xmas Game Plan, Post-xmas Game Plan, 

Pre-comp Game Plan, Pre-xmas Conditioning, Post-xmas Conditioning, Pre-comp 

Conditioning, <7-day training, 7-8-day training and >8-day training. Match comparisons 

encompass; Quarter 1, Quarter 2, Quarter 3, Quarter 4, VFL, AFL, <7-day matches, 7-8-

day matches and >8-day matches. Each training comparison is reported as a maximal 

value accrued in a training session and match comparisons within a singular match. 
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Figure 8–2 Volume of impulse accumulated at varying acceleration for each comparison 

investigated throughout the thesis from studies 2-4. The x axis displays the maximal one 

minute acceleration achieved by each comparison made throughout all of the data 

observations reported in studies 2-4 and the total impulse accumulated at that maximal 

acceleration on the y axis. Training comparisons can be categorised as; Pre-xmas 

Fundamentals, Post-xmas Fundamentals, Pre-comp Fundamentals, Pre-xmas Structure, 

Post-xmas Structure, Pre-comp Structure, Pre-xmas Game Plan, Post-xmas Game Plan, 

Pre-comp Game Plan, Pre-xmas Conditioning, Post-xmas Conditioning, Pre-comp 

Conditioning, <7-day training, 7-8-day training and >8-day training. Match comparisons 

encompass; Quarter 1, Quarter 2, Quarter 3, Quarter 4, VFL, AFL, <7-day matches, 7-8-

day matches and >8-day matches. Each training comparison is reported as a maximal 

value accrued in a training session and match comparisons within a singular match. 
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4. In Study 3, pre-season phases and training drill modalities were split into arbitrary 

categories determined by the high performance team within the AFL club. The 

pre-season phases appear to be similar to previous reports published, however, 

this was the first investigation quantifying the volume and intensity of different 

training drill modalities. The training drills were categorised into four groups 

based on the style of the training and the expected work rate experience in each 

drill. For skill based training drills there were three categories; fundamentals, 

structure and game plan, with the final non-skill based category being 

conditioning. Conditioning is comparable to previous research as this is heavily 

reported, however, the categorisation of skills based training in comparison to 

training load is a novel approach and can be a limitation for future studies to 

compare to if they do not classify their drills in the same way. The classification 

of training drill modalities in this study is highly specific to the AFL club the 

research was produced from and for comparable results to other studies, their 

analysis would need to categorise their drills in the same work rate ranges.   

5. Study 4 compared the differences in volume accumulated across different 

between match day turnarounds. The limitation of this study would be the 

categorisation of different between match turnaround lengths. For this particular 

study the three categories were <7- day, 7-8-day and >8-day and was done this 

way based on the number of observations, to provide an equal spread of data. It 

could be argued for future research, to use a larger data sample size, either from 

multiple seasons or multiple clubs. Allowing for more observations to be collected 

allowing each turn around length to be analysed individually i.e., 6-day, 7-day, 8-

day, etc. This has the potential to build upon the findings here and specify why 

turn around lengths exactly have a greater intensity and distance covered and the 

reasoning behind this.  

8.4 Conclusion and recommendations

In conclusion this thesis provides new information about the distribution of speed and 

acceleration across the intensity spectrum which has not previously been reported in AF 

and also builds on pre-existing knowledge around training monitoring and training 

periodisation.  
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• Wellness monitoring is a practical tool for driving conversation between players 

and staff however, invalidated or adapted AROMs should not be implemented as 

a means of trying to predict performance without going through means of 

validation to ensure they are assessing and collecting practically meaningful data 

as identified through the conceptual framework discussed in section 2.5.3.2.  

• Total distance and other speed related metrics (high-speed running, work rate, 

maximum velocity etc.) have no correlation with match performance from a 

subjective or objective perspective. Study 1 identified performance is a difficult 

concept to quantify and may be best investigated through a metric that is 

correlated with ball involvement such as acceleration.  

• In study 2 when acceleration was analysed, the cumulative distribution model 

used displayed the significant differences in acceleration between competition 

levels where it was shown AFL accumulates greater impulse at a higher intensity 

than VFL. This study was also able to identify quarter one regardless of 

competition level, accumulated the greatest distance and impulse at a higher 

intensity, whereby both metrics decline through to quarter four. 

• Acceleration was further investigated, more specifically throughout training in 

pre-season where the post-Christmas phase was determined to accumulate the 

greatest amount of volume at a high intensity, more specifically game plan drills 

are executed at the highest intensity and conditioning drills accumulate the 

greatest amount of impulse within a pre-season in AF.  

• Following on from pre-season, in season when investigating where the greatest 

volume is accumulated within the week, matches irrespective of the between 

match turnaround length always accumulate greater impulse and distance. Further 

analysing matches between the different match turnaround lengths, matches of 

>8-day between match turnaround lengths accumulate the greatest amount of 

impulse at the highest intensity.  

 

To improve future research, studies should attempt to further quantify more specific 

comparisons across larger data sets to establish clear thresholds between the comparisons 

made throughout these studies i.e., competition level, match quarters, pre-season phases, 

training drills modalities and match turnaround length.  Acceleration should be 

continually investigated given the known importance of this variable and how it appears 
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to be the most influence/manipulated between athletes of varying comparisons.  The 

research should also continue to employ the cumulative distribution technique as it 

provides a useful tool for practitioners given its visual capacity and the use of coefficients 

to interpret meaningful differences. With greater research replicated in the field it will 

close the gap on what volume and intensity is accumulated at varying competition levels 

and across different teams within the same competition levels which provide greater 

confirmation which can practically assist in training prescription and design.   
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