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Executive Summary 
 

This research extends previous investigations into the physical demands of playing 

Australian Football League (AFL) based on GPS data collected since 2005.  

 

In 2009, AFL Clubs participated in this research with a total of 1642 GPS game files 

captured. Advances in technology meant that the 2009 data was captured at a higher 

sampling rate than previous years (5 Hz compared to 1 Hz). Technology will continue 

to evolve in the future. While these developments present some methodology 

challenges, they provide further insights into the AFL game demands. 

 

In 2009, both playing intensity and total distance increased compared to all previous 

years, even allowing for changes in the sampling rate of GPS devices. The increased 

physical demand was largely a result of longer playing durations per game. Similar to 

2008, the comparison of data collected on different commercially-available brands of 

GPS devices showed similar work rates but some differences in the number of 

accelerations and surges. Those players who were rotated more often were able to 

maintain a higher game intensity, with short frequent on-field bursts proving most 

effective. 

 

Contrary to 2008, team-based success throughout the Season did not have a 

significant relationship with a team‟s work rate - there is some evidence to suggest 

that the most successful teams worked less hard. This finding may have important 

implications for recovery and injury rates.  

 

Further technological developments are ushering in an exciting new era for GPS use 

in the future, with software now allowing a players position relative to the ball to be 

monitored.   
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Introduction  
 

Over the past six years there has been increased interest in the measurement of AFL 

player work rates. This measurement was initially conducted through the 

measurement of heart rate, and more recently by using GPS technology. 

 

AFL teams have been early adopters and heavy users of GPS technology in both game 

and training environments. In 2005, eight of the sixteen AFL teams were using GPS 

to monitor player workloads. In 2009, all sixteen teams use GPS on a regular basis. 

In-game use has expanded quickly as more teams use the technology and the AFL 

permit greater use in games.  

 

In 2005, approximately one hundred GPS game files were captured across the Season. 

This figure has increased dramatically and in 2009, over 2000 game files were 

captured. This latter figure equates to approximately one quarter of all players being 

monitored across the Season.  

 

Previous research
1,2,3,4,5

 established base level AFL player game demands. Further 

research has revealed Seasonal trends and substantial changes and differences in 

player demands.  

 

Key findings of the GPS analysis for the four preceding AFL Seasons (2005-2008 

inclusive) were: 

¶ Total running distances were substantially lower than previously reported; 

¶ The intensity of the work rather than total running distance separates 

midfielders from other playing positions. Midfielders undertook a greater 

amount of continual running with more surges in the higher speed zones; 

¶ AFL is a highly intermittent game interspersing lower and higher intensity 

efforts and this profile may be a key factor in fatigue, recovery and injuries;  

¶ The size and shape of AFL grounds had no substantial relationship with the 

running requirements of players during a game; 

¶ The 2007 and 2008 Seasons showed a significant increase in game intensity 

compared with previous years; 

¶ Players who were rotated more often were able to maintain a higher game 

intensity; 

¶ No substantial changes in workload trends were evident across the course of 

the Premiership Season.  

 

The aim of the 2009 GPS research report was to investigate the following 

relationships in the physical demands of AFL football: 

 

¶ Comparison of 1Hz and 5Hz GPS sampling rates; 

¶ On-field playing duration and game intensity; 

¶ Comparison of different commercially-available GPS devices; 

¶ Player work rate and team success; 

¶ Quarters and distribution of work rate;  

¶ Player performance and work rates; and 

¶ The future of GPS in team sports.  
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Methods 
 

Elite AFL footballers (n=344) from AFL clubs were tracked using two different GPS 

systems (GPSports, Canberra, Australia and Catapult, Melbourne, Australia) during 

the 2009 AFL Season. Players were assigned to three major positional groups 

nominated by their respective clubs – i.e. fixed forwards, nomadic and fixed 

defenders. 

 

GPS units were fitted to the upper back of each player using a purpose-built 

supportive harness. In total, 1642 usable game files were captured. A file was 

considered usable when it was captured during the Premiership Season and included a 

playing period of greater than 60 minutes. 

 

Upon receiving the GPS game files (n=1642), the data was categorised according to 

the type of GPS device used: GPSports (n=684) or Catapult (n=958).  

 

Comparisons were made to data from previous years. Details of the methods used in 

these years can be found in previous reports
1,2,3,4

.  

 

All data prior to 2008 was captured at 1Hz on GPSports units.  

 

In 2008, data captured on GPSports devices was captured and analysed at 1Hz, while 

data captured from Catapult units was captured at 5Hz and then converted to 1Hz for 

analysis.  

 

In 2009, all data has been captured and analysed at 5Hz from both GPSports and 

Catapult units. Player speed, latitude and longitude were recorded.  

 

Each participating club was responsible for fitting the units to players, and 

downloading and forwarding data to the researchers. Data was imported into custom 

built GPS software (Sports Tracker Analysis v2.0, FitSense Australia). All GPS game 

data was stored with accompanying demographic data for each player. This data was 

made up of individual player game possession statistics (rotations, kicks, handballs, 

marks, and total possessions), player position, team, opposition, venue, and date and 

time of game. All playing time was analysed. Non-playing periods (quarter and half-

time breaks and interchange periods) were omitted from the analysed data.  

 

Each playing period was labelled by quarter 1, 2, 3 or 4 during the import process. All 

quarters with a playing duration of between 10 minutes and 32 minutes were 

analysed. In total this left 5269 quarters of data.  

 

To ensure consistency between files, two rules were employed to categorise 

objectively the data into one of two groups - ie, playing period and non-playing 

period. These rules were: 

1. A non-playing period was triggered when the average speed was less than 3 

km/hr for 2 continuous minutes; and 

2. A playing period was triggered when the average speed was greater than 5 

km/hr for 2 continuous minutes.  

 

Figure 1 shows an example of how these triggers applied. 
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Figure 1. Line graph of the 2 minute rolling speed average showing how a playing 

period and non-playing period was triggered.  

 

All game files were analysed using a number of steady state and movement pattern 

variables:  

¶ Total distance (km) 

¶ Average speed (km/hr) 

¶ Exertion index 

¶ Exertion index per minute 

¶ Time spent in speed zones (min:sec) 

¶ Number of surges over specified speeds 

¶ Longest continuous time above specified speeds (seconds) 

¶ Maximal speed (km/hr) 

¶ Acceleration / deceleration profile 

 

A brief explanation of each variable (including the exertion index formula) is shown 

in Appendix A.    

 

Statistical Analysis 
 

Statistical analysis was performed with the SPSS software package (v16.0). A Pearson 

two-tailed correlation was used to assess the relationship between variables with a 

significance of p<0.01. Comparisons of variables between positions and years was 

performed using a one-way ANOVA, with a significance level of p<0.05. Where 

significant differences were established a Bonferroni post hoc comparison was used. 

 

Magnitudes of effect sizes (ES) were assessed using the criteria of: <0.2 trivial, 0.2-

0.6 small, 0.6-1.2 moderate, 1.2-2.0 large and >2.0 very large. A substantial change 
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was accepted when there was >75% likelihood that the true value of the standardised 

mean difference or change was greater than the smallest worthwhile (substantial) 

threshold value
6
.    

 

GPS Accuracy 
 

The accuracy of GPS devices is ~95-99% based on the manufacturer‟s
7
 and 

independent
8,9,10

 verification of reliability and validity established against criterion 

measures of speed and distance. However there is still a limited understanding of the 

validity and reliability of GPS devices when assessing accelerations and sprint in team 

sport athletes. It is also important to mention that reliability and validity will continue 

to improve as technology (hardware, firmware and software) improves. 
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Results 
 

The 1642 GPS files from the 2009 AFL Premiership Season comprised the following 

number of files per ground: 

 

¶ AAMI Stadium, Adelaide (n=265)   

¶ ANZ Stadium, Sydney (n=29) 

¶ Aurora Stadium, Launceston (n=55) 

¶ Docklands Stadium, Melbourne (n=63) 

¶ GABBA, Brisbane (n=112) 

¶ Gold Coast Stadium, Gold Coast (n=22)   

¶ Manuka Oval, Canberra (n=28) 

¶ Melbourne Cricket Ground, Melbourne (n=600)  

¶ Sydney Cricket Ground, Sydney (n=82)  

¶ Skilled Stadium, Geelong (n=87) 

¶ Subiaco Oval, Perth (n=290) 

¶ TIO Stadium, Darwin (n=9) 

 

These files comprised the following number of files per playing positions: 

 

¶ Forwards  (n=119) 

¶ Nomadic (n=1357) 

¶ Defenders (n=166) 
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Season Comparisons 
 

To allow a direct comparison between current and historical data, three tables are 

presented showing data captured from the two separate GPS models and then all data 

combined.  

 

Given the potential variation in data as a result of the change in sampling rate from 

2005-2008 (1Hz) to 2009 (5 Hz), a comparison of 37 files was conducted to evaluate 

the difference between 1 and 5 Hz devices (Table 1). 

 

Table 1. Comparison of main work rate variables between 1Hz and 5Hz analysis in a 

sample of 37 files (mean ± SD). 

Work Variable 5Hz 1Hz Difference 

Total Time (min:s) 98:19 ± 14:31 98:02 ± 14:44 <1%; trivial 

Total Distance 

(km) 
12.08 ± 1.92 12.04 ± 1.95 <1%; trivial 

Average Speed 

(km/hr) 
7.40 ± 0.68 7.39 ± 0.65 <1%; trivial 

Exertion Index 120.3 ± 42.4 127.2 ± 24.3 5.4%; small ↓ 

Exertion Index Per 

Minute 
1.21 ± 0.46 1.30 ± 0.18 6.9%; small ↓ 

Steady State Time 

(min:s) 
24:35 ± 5:03 23:10 ± 4:52 6.1%; small ↑ 

Accelerations over 

4km/hr (number) 
407 ± 95 396 ± 93 2.7%; trivial 

Time over 18 

km/hr (min:s) 
6:40 ± 1:43 6:31 ± 1:38 2.3%; trivial 

Surges above 18 

km/hr 
137 ± 37 118 ± 31 16%; small ↑ 

 

This comparison shows there was a trivial difference in distance, average speed, 

accelerations and time over 18 km/hr between 1 and 5 Hz GPS devices. However, 

there were small differences in exertion index, exertion index per minute, steady state 

running time and surges. Given the difference in surges and the inaccuracies of GPS 

with this type of data
8
, this information is not presented in the year to year 

comparison. When comparing the data in the tables below, it is important to note that 

differences between years exist as a result of sampling rate for some variables.  
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Work Rate 
 
N.B. Exertion index is used extensively throughout this research as a key measure of player work rate. 

The exertion index is an estimate developed by the researchers to quantify the level of physical work 

completed by players. This estimate ensures both short sharp efforts, and long sustained efforts are 

analysed equally. Details are shown in Appendix A. 

 

Table 2 shows the GPSports data from 2009 in comparison to 2006, 2007 and 2008. 

 

Table 2. Comparison of main work rate variables between Seasons from GPSports data 

(mean ± SD). 

Work Variable 

2009 Mean 

Values 

(n= 684 files) 

2008 Mean 

Values 

(n= 793 files) 

2007 Mean 

Values 

(n= 632 files) 

2006 Mean 

Values 

(n=244 files) 

Total Time 

(min:s) 
105.01 ± 13.70*  100:01 ± 14:22 100:23 ± 15:58 111:51 ± 14:13*  

Total Distance 

(km) 
13.20 ± 1.91*  12.18 ± 1.89 12.03 ± 1.90 12.51 ± 1.71 

Average Speed 

(km/hr) 
7.35 ± 0.65 7.33 ± 0.66 7.24 ± 0.83 6.78 ± 0.94*  

Exertion Index 134.3 ± 24.6*  124.2 ± 23.5 122.2 ± 23.6 122.7 ± 24.0 

Exertion Index 

per Minute 
1.25 ± 0.19 1.25 ± 0.19 1.23 ± 0.23 1.16 ± 0.25*  

*  = Significantly different from all other years (p<0.05). Note: 2009 data was captured and analysed at 

5Hz. 

 

Table 3 shows Catapult data from 2009 in comparison to 2008. 

 

Table 3. Comparison of main work rate variables between 

Seasons from Catapult data (mean ± SD). 

Work Variable 
2009 Mean Values 

(n= 958 files) 
2008 Mean Values 

(n= 596 files) 

Total Time (min:s) 106:10 ± 15:25*  101:02 ± 16:20 

Total Distance (km) 13.19 ± 2.13*  12.32 ± 2.18 

Average Speed 

(km/hr) 
7.47 ± 0.63*  7.32 ± 0.61 

Exertion Index 136.9 ± 25.7*  128.2 ± 25.8 

Exertion Index per 

Minute 
1.29 ± 0.18 1.27 ± 0.18 

*  = Significantly different from 2008 (p<0.05). Note: 2009 data was captured and analysed at 5Hz. 
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Table 4 shows data captured from both brands of GPS devices in 2009 compared to 

2008. 

 

Table 4. Comparison of main work rate variables between Seasons from All data 

(mean ± SD). 

Work Variable 
2009 Mean Values 

(n= 1642 files) 
2008 Mean Values 

(n= 1395 files) 
Difference 

Total Time (min:s) 106:56 ± 14:45*  100:27 ± 15:14 6.5%; small ↑ 

Total Distance 

(km) 
13.19 ± 2.04*  12.24 ± 2.01 7.8%; small ↑ 

Average Speed 

(km/hr) 
7.42 ± 0.64*  7.33 ± 0.64 1.2%; trivial 

Exertion Index 135.8 ± 25.3*  125.9 ± 24.5 7.9%; small ↑ 

Exertion Index per 

Minute 
1.27 ± 0.18 1.26 ± 0.19 <1%; trivial 

*  = Significantly different from 2008 (p<0.05). Note: 2009 data was captured and analysed at 5Hz. 

 

The 2009 data exhibits some significant differences to previous Seasons. Total time, 

distance and overall exertion index were all higher than previous years. The exertion 

index per minute however was similar to the previous two Seasons. Similar trends can 

be seen in all three tables, however the increase in intensity (average speed and 

exertion index per minute) is more pronounced in the Catapult data. 

 

The increase in playing time recorded as part of this research is likely due to one or a 

combination of the following factors: 

¶ Increase in stoppages 

¶ Broadcaster restarts following goals 

¶ GPS sample size 

¶ Stop plays for stretcher, blood rule, Interchange free kicks, consultations 

between umpires and flat football replacements 

¶ 50m penalties 

 

Comment 

 

All indices of overall work load increased in the 2009 AFL Season. The increase in 

total playing time combined with an increase in playing intensity elicited an increased 

workload. Players were required to work for longer periods of time and cover greater 

distance during 2009, and this was achieved at higher average speeds than in previous 

Seasons. This is the first time an increase in both duration and intensity has been 

observed since monitoring started in 2005. 
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Movement Pattern Profile 
 

A Seasonal comparison of movement pattern variables (i.e. acceleration 

characteristics, steady state running and longest continuous efforts) is presented in 

Table 5. 

 

The 2009 data shows a distinct change from the 2008 Season. An increased number 

accelerations and decelerations were observed in 2009.  

 

The length of efforts (longest continuous time) at all speeds (from walking to running) 

was lower although the steady state running volume increased. This change is 

consistent with the greater number of changes in speed reflected in the 

acceleration/deceleration data. 

 

In 2008 it was noted that the increase in the steady state running volume was 

significantly higher than all previous years and continued the upward trend over the 

previous four Seasons. This increase has continued and the 2009 steady state running 

volume is the highest observed over several years in this GPS report. 

 

Table 5. Comparison of movement pattern variables between Seasons for all 

GPS data (mean ± SD). 

Variable 

2009 Mean 

Values  

(n=  1642 files) 

2008 Mean 

Values  

(n= 1395 files) 
Difference 

Accelerations over 4 

km/hr in 1sec 
322 ± 135*  292 ± 87 10%; small ↑ 

Accelerations over 10 

km/hr in 1sec 
17.3 ± 14.4*  14.5 ± 8.8 19%; small ↑ 

Decelerations over 4 

km/hr in 1sec 
275 ± 109 269 ± 80 2.2%; trivial 

Decelerations over 10 

km/hr in 1sec 
20.4 ± 10.6*  17.2 ± 8.2 19%; small ↑ 

  

LCT under 5 km/hr 

(min:s) 
0:57 ± 0:15*  1:07 ± 0:17 15%; small ↓ 

LCT over 13 km/hr 

(sec) 
22.6 ± 6.3*  23.7 ± 7.1 4.6%; trivial 

LCT over 15 km/hr 

(sec) 
18.8 ± 5.9*  19.7 ± 6.7 4.6%; trivial 

LCT over 17 km/hr 

(sec) 
15.7 ± 5.5*  16.5 ± 6.5 4.8%; trivial 

LCT over 20 km/hr 

(sec) 
11.9 ± 5.3*  12.6 ± 6.2 5.6%; trivial 

Steady State Time 

above 8 km/hr 

(min:s) 

27:15 ± 5:26*  24:05 ± 5:24 13%; very large ↑ 

LCT = longest continuous time. 

*  = Significantly different from 2008 (p<0.05). 
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Comment 

 

In 2009, the increase in steady state running volume is generally consistent with the 

increase in total playing durations. The reduction in the length of efforts is relatively 

small and may be attributed to the altered sampling rate. The increase in accelerations 

suggests that players were required to perform more varied movements. 
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Time in Speed Zones 
 

A Seasonal comparison of speed zone profiles is presented in Table 6. Figure 2 

represents the time in speed zones as a function of the total playing duration. 

 

In 2009, there was a significant increase in the time spent within all speed zones 

compared to 2008. This is consistent with the increase in total playing duration. 

 

Table 6. Comparisons of time in speed zones between 

Seasons for all GPS data (mean ± SD). 

Time Zone 

2009 Mean 

Values  

(n= 1642 files) 

2008 Mean 

Values  

(n= 1395 files) 

Time Under 8 

km/hr (min:s) 
68:03 ± 11:55*  65:04 ± 12:18 

Time 8-10 

km/hr (min:s) 
8:32 ± 1:53*  7:11 ± 1:43 

Time 10-12 

km/hr (min:s) 
8:07 ± 1:37*  7:37 ± 1:40 

Time 12-14 

km/hr (min:s) 
6:56 ± 1:38*  6:32 ± 1:37 

Time 14-16 

km/hr (min:s) 
5:17 ± 1:23*  4:56 ± 1:22 

Time 16-18 

km/hr (min:s) 
3:44 ± 0:59*  3:28 ± 0:59 

Time Over 18 

km/hr (min:s) 
6:18 ± 1:54*  5:40 ± 1:40 

*  = Significantly different from 2008 (p<0.05). 

 

 
Figure 2. Pie chart of time in speed zones by year. 
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Comment 

 

As noted earlier, it is important to interpret the change in speed zones in conjunction 

with the increase in total playing duration during the 2009 Season.  

 

The 2009 data highlights that the increase in total playing duration has had an impact 

on the players across all time zones. Players have increased the time they spent in 

almost each speed zone as a result. The relative change (Figure 4) indicates that these 

increases are in line with the increased playing duration.  
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Comparison of GPSports and Catapult Data 

 

The following section compares GPS data captured with the GPSports and Catapult 

devices during the 2009 Season (Table 8).  

 
N.B. It is also important to highlight that this data is not directly comparable. No player wore both 

devices simultaneously in any game. This limitation prevents a direct comparison from being made.  

 

A total of 58% of data was captured on Catapult devices from eight of the sixteen 

AFL teams in 2009. Six teams used GPSports devices accounting for 42% of usable 

data.  

 

Only trivial differences were evident between brands when comparing work rate 

variables (e.g. distance, average speed and exertion index).  In contrast there were 

major differences between movement pattern variables with the Catapault devices 

recording more than double the number of accelerations, and moderately more time 

over 18 km/hr and a small decrease in the surges over 18 km/hr (Table 8).  

 

Table 8. Comparison of main work rate variables between GPS devices (mean ± SD). 

Work Variable 
GPSports  

(n=684  files) 
Catapult  

(n= 958 files) 
Difference 

Total Time (min:s) 108:00 ± 13:42 106:10 ± 15:25 1.8%; Trivial 

Total Distance 

(km) 
13.20 ± 1.91 13.19 ± 2.13 <1%; Trivial 

Average Speed 

(km/hr) 
7.35 ± 0.65 7.47 ± 0.63 1.1%; Trivial 

Exertion Index 134.3 ± 24.6 136.9 ± 25.7 1.9%; Trivial 

Steady State Time 

(min:s) 
27:32 ± 5:56 27:02 ± 5:04 1.9%; Trivial 

Accelerations over 

4km/hr (number) 
194 ± 38 414 ± 100 53%; Very Large 

Time over 18 

km/hr (min:s) 
5:25 ± 1:34 6:56 ± 1:52 22%; Moderate 

Surges above 18 

km/hr 
160.9 ± 42.6 140.8 ± 33.6 14%; Small 

 
Comment 

 

Differences were evident in the data captured on two different commercially-available 

GPS devices, most notably in accelerations and time over 18 km/hr. The very large 

difference in accelerations suggests that these values should not be compared between 

brands. Only trivial differences were evident between key work rate variables such as 

distance and exertion index, and so more confidence can be employed in comparing 

these variables. With all variables though, care must be taken when comparing 

individual team/player results to overall means, or making direct comparisons to data 

from the opposing brand.  
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As there is no “gold standard” measure of these variables by which to compare, it is 

not possible to declare which brand is “more correct” or accurate.   A full validation 

and reliability trial of GPS devices in an AFL context is required. 
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GPS Variables by Position 
 

The following section compares key GPS variables by position (Table 9, Figure 3).  

 

Nomadic refers to all players who are not classified as either a fixed forward or fixed 

defender. Nomadic players played for significantly less game time than forwards and 

defenders. Despite the reduced player time, nomadic players completed a greater 

amount of work as measured by exertion index compared with forwards. This 

outcome was associated with a higher average game intensity by nomadic players 

compared to both forwards and defenders.  

 

While nomadic players performed a significantly greater number of accelerations than 

forwards, it was the volume of steady state running, the amount of time spent above 

18 km/hr and the exertion index per minute, that differentiated nomadic players from 

players in other positions. Similar conclusions about nomadic players were presented 

in the 2008 report although in 2009, it appears that defenders performed more high 

intensity efforts than forwards.  

 

* = Significantly different from all other positions. Ǆ = Significantly different from forwards (p<0.05). 

 

Table 9.  Work variables by position for All GPS Data (mean ± SD). 

Variable 
Forward 

(n=119) 
Nomadic 

(n=1357) 
Defender 

(n=166) 

Total Time (min:s) 110:37 ± 13:19 106:20 ± 14:53*  109:19 ± 13:56 

Total Distance (km) 12.85 ± 2.10 13.23 ± 2.06 13.15 ± 1.81 

Average Speed 

(km/hr) 
6.96 ± 0.70*  7.48 ± 0.62*  7.23 ± 0.57*  

Exertion Index 127.1 ± 26.3 136.9 ± 25.4Ǆ 133.3 ± 21.9 

Exertion Index per 

Minute 
1.15 ± 0.19 1.29 ± 0.18*  1.22 ± 0.17 

Accelerations over 4  

km/hr in 1sec 
270 ± 126*  326 ± 134 337 ± 142 

Surges above 18  

km/hr 
140.87 ± 41.61 150.80 ± 39.00*  142.08 ± 34.19 

LCT over 20  km/hr  

(sec) 
9.70 ± 2.58*  12.14 ± 5.49 11.46 ± 4.52 

Steady State Time 

above 8  km/hr 

(min:s) 

24:58 ± 6:04 27:37 ± 5:24*  25:58 ± 4:43 

Time Over 18  

km/hr
 
(min:s) 

5:08 ± 1:33*  6:26 ± 1:55 6:04 ± 1:45 
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Figure 3. Pie chart of time in speed zones by position. 

 

Comment 

 

Substantial differences were evident between playing position. The most apparent 

difference in 2009, as with previous years, was the higher game intensity of nomadic 

players. Intensity was ~12% higher for nomadic players compared with forwards and 

~6 when compared to defenders. In 2009, defenders appeared to work at significantly 

higher intensities than forwards.   

 

The increased game intensity is largely driven by more time spent at moderate to high 

speeds, and a greater volume of steady state running. A larger portion of nomadic 

player on-field recovery was conducted at moderate steady running speeds. This 

finding has implications for the conditioning of these players as active recovery is an 

important aspect of game play.  
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GPS Variables by Ground 
 

A summary of key GPS variables for each ground are presented in Table 10. 

 

Significant differences were observed between some grounds in all work variables 

presented. The stand-out differences include significantly greater total time, distance, 

exertion index and steady state time above 8 km/hr at Subiaco Oval. The exertion 

index per minute was lowest at Skilled Stadium. 

 

No correlation existed between the size of a ground and the workloads at that ground. 

 

Table 10.  Work variable by AFL venue (mean ± SD). 

Work 

Variable 

AAMI 

Stadium 

(n=265 files) 

GABBA 

(n=112 files) 
MCG 

(n=600 files) 
Skilled 

Stadium 

(n=87 files) 

Subiaco Oval 

(n=290 files) 

Dimensions 

(m) 
165 x 133 156 x 138 160 x 141 170 x 115 176 x 122 

Total Time 

(min:s) 

106:48 ± 

14:06* 

106:44 ± 

13:21* 

104:59 ± 

14:32* 
108:56 ± 14:43 113:18 ± 13:34 

Total Distance 

(km) 
13.28 ± 1.93* 12.88 ± 1.88* 13.05 ± 2.10* 13.06 ± 2.04* 14.06 ± 1.76 

Average Speed 

(km/hr) 
7.47 ± 0.57♥ 7.25 ± 0.63 7.47 ± 0.69♥ 7.20 ± 0.62 7.46 ± 0.58♥ 

Exertion 

Index 
138.0 ± 23.8 130.5 ± 24.3* 135.0 ± 26.1* 132.0 ± 25.6* 144.6 ± 23.1 

Exertion 

Index per 

Minute 

1.30 ± 0.17♥ 1.23 ± 0.18 1.29 ± 0.19♥ 1.21 ± 0.18 1.28 ± 0.18 

Steady State 

Time above 8 

km/hr (min:s) 

27:55 ± 5:11*♠ 26:22 ± 5:40* 26:26 ± 5:22* 26:05 ± 5:30* 29:30 ± 5:13 

N.B. Only grounds in which 85 or more games files were collected are shown. 

* = Significantly different from Subiaco. ǂ = Significantly different from MCG (p<0.05). Ǆ = 

Significantly different from Skilled Stadium (p<0.05). 

 

Comment 

 

When interpreting the data by ground, it is important to consider that in some cases 

more than half the data captured at a given ground was captured by the home team. 

Caution must be used in the interpretation of this data which may be influenced by the 

team that most commonly provided data from a particular ground, as well as their 

choice of GPS device.    
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Results 

 

A moderate relationship existed between the average intensity of a player and the 

number of rotations that a player had during a game. As rotations increased, so did the 

exertion index per minute (r=0.34, p<0.01, moderate) and average speed (r=0.34, 

p<0.01, moderate).  

 

There were only small correlations between game intensity and total on-field playing 

duration. There was a weak inverse relationship between on-field playing duration 

and average speed (r=-0.10, p<0.01, trivial) and exertion index per minute (r=-0.13, 

p<0.01, small).  

 

Comment 

 

There is some evidence that reducing a player‟s on-field playing duration will allow 

him to maintain a higher game intensity. The correlation between rotations and game 

intensity (exertion index per minute and average speed) suggests that ~12% of the 

variance in intensity can be explained by rotations. High rotation rates and short 

frequent on-field bursts will improve a player‟s ability to maintain a higher game 

intensity although other contributors play a greater role in game intensity (e.g. 

player‟s own fitness).   
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Workload, Team and Success 
 

Determining why a team is successful is difficult as it is based on many factors. In this 

section we investigate selected relationships between team success and player work 

rate. 

 

The exertion index for and against each team is presented in Table 11. Figure 4 shows 

a graphical representation of each team‟s exertion index profile, while Figure 5 shows 

their opponent‟s exertion index profile.  

 

There was no substantial correlation between a team‟s exertion index and Season 

success.   A weak inverse relationship existed between a team‟s exertion index per 

minute and their ladder position (r=-0.11, p<0.01, small) and Premiership points (r=-

0.12, p<0.01, small).   

 

The difference between exertion index of the team and the exertion index of their 

opponent, averaged across the Season, was also examined. No substantial relationship 

existed between this variable and the ladder position of the team.  

 

The strongest correlation with the success of a team (Premiership points) was with 

moderate accelerations (r=0.22, p<0.01, small) while an inverse relationship with 

exertion index per minute (r=-0.12, p<0.01, small) was noted. 

 

Table 11.  Exertion Index by team and opponent (mean ± SD). 

Team  

Number 

of Files 

Captured 

Average Exertion 

Index of Team 

Number of 

Files as 

Opponent 

Average Exertion 

Index of Opponents 

1 195 140 ± 21 81 144 ± 28 

2 102 133 ± 25 127 130 ± 23 

3 40 132 ± 31 122 138 ± 27 

4 144 142 ± 24 81 139 ± 28 

5 97 117 ± 25 136 134 ± 21 

6 169 127 ± 25 96 137 ± 29 

7 172 127 ± 22 117 134 ± 24 

8 101 130 ± 22 84 135 ± 26 

9 73 129 ± 27 119 136 ± 25 

10 122 149 ± 26 117 137 ± 24 

11 23 145 ± 27 74 139 ± 22 

12 99 133 ± 22 119 132 ± 29 

13 212 150 ± 19 97 135 ± 22 

14 93 133 ± 27 75 138 ± 18 

15 0 N/A 62 139 ± 26 

16 0 N/A 135 134 ± 27 

TOTAL 1642 135 ± 25 1642 135 ± 25 
N.B. Each team has been randomly assigned a number to maintain anonymity.  
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Figure 4. Box and Whisker of Exertion Index by AFL Team.  The order of teams has been 

randomised to maintain confidentiality of results.  The median value is indicated by the thick black line, 

the standard deviation by the box, the mean for all teams by the red line, and the range by the vertical 

error bars. 
 

 
Figure 5. Box and Whisker of Exertion Index by AFL Opponent.  The order of teams has 

been randomised to maintain confidentiality of results.  The median value is indicated by the thick 

black line, the standard deviation by the box, the mean for all teams by the red line, and the range by 

the vertical error bars.  
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Comment 

 

In 2009 there were no strong relationships between a team‟s success and most GPS 

variables. The strongest correlation (moderate accelerations) accounted for less than 

5% of a team‟s success (Premiership points). 

 

Top 4 Teams v Bottom 4 Teams 
 

The relationship between team success and work rate was further investigated by 

evaluating data from the first four teams versus that of the bottom four teams on the 

end of Season Premiership ladder (Table 4). 

 

A small but substantial difference was observed between measures of exertion index, 

accelerations and steady state running volume. The most substantial difference was 

the lower volume of steady state running completed by top 4 teams, however the 

higher exertion and exertion index per minute index per minute for the bottom 4 

teams is substantial.  

  

Table 12.  Comparison of GPS Work Variables for the Top 4 and Bottom 4 teams 

on the Premiership Ladder at the end of the Season (mean ± SD). 

Variable 
Top 4 

(n=253) 
Bottom 4 

(n=395) 
Difference 

Exertion Index 128.4 ± 28.4 134.5 ± 24.8 4.5%; Small ↓ 

Exertion Index 

per Minute 
1.21 ± 0.21 1.25 ± 0.20 3.2%; Small ↓ 

Distance 12.87 ± 2.23 12.99 ± 2.06 <1%; Trivial 

Steady State Time 

above 8 km/hr 

(min:s) 

25:07 ± 5:40 26:23 ± 5:35 4.8%; Small ↓ 

Time Over 18 

km/hr (min:s) 
6:08 ± 2:05 6:07 ± 2:01 <1%; Trivial 

 
Comment 

 

The results oppose the conclusions drawn in 2008. In 2008 a team‟s work rate was 

related to success across the Season meaning teams that had a higher average 

workload across the Season ended up higher on the Premiership ladder. In 2009, the 

teams that finished in the Top 4 had lower exertion levels. It appears that in 2009 it 

was advantageous for a team to have a lower work volume, at a lower intensity. This 

reduction in load may have allowed these teams to have better recovery across the 

Season. 

 

It appears that the reduced exertion index of the top 4 teams was achieved through 

spending more time at the moderate to low speeds, perhaps facilitating greater 

recovery and economy of movement. It may be interesting to consider injury rates in 

this light. 
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Workloads across the Season 
 

To examine changes in workload during the Season, the 2009 Premiership Season was 

divided into five sections: rounds 1-6, 7-11, 12-16, 17-22 and finals, and the average 

exertion index of each analysed (Figure 6). 

 

A significant difference in exertion index was evident from rounds 17-22 when 

compared to the rest of the Season (p<0.05). The average workload for these rounds 

was over 5% higher than the Season average and 12% higher than the average in 

rounds 1-6.  

 

 
Figure 6. Box and Whisker of Exertion Index Across the AFL Season. The median 

value is indicated by the thick black line, the standard deviation by the box, the mean 

for all teams by the red line, and the range by the vertical error bars. 

 

 

Comment 

 

There was an increase in exertion index from the early to late Season with peak game 

load evident in the last six games of the regular Season. The close competition for top 

8 positions may go some way to explaining the high workloads in the last six games 

of the Season.  
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Key Work Measures 
 

Given the variety of GPS work variables on offer, this research identified which 

variables had the best relationship with game performance. Due to limitations in 

available data, possessions were used as a crude measure of player performance.  

 

The strongest significant correlation with possessions was steady state running 

volume (r=0.31, p<0.01, moderate) and then exertion index (r=0.27, p<0.01, small).  

 

Comment 

 

Players who completed a higher volume of work were more likely to be rewarded 

with more possessions. In order for a player to obtain a high number of possessions, 

they must have both substantial playing time, and must work hard during on field 

work bouts. 

 

Quarter by Quarter Analysis 
 

In addition to whole of game data, where possible, playing periods were identified as 

being in quarter 1, 2, 3 or 4. The results of key work variables by quarter are shown in 

Table 13 and Figure 7. 

 

These results show a moderate decrease in playing intensity between the 1
st
 and 4

th
 

quarter as indicated by both average speed (7%, moderate) and exertion index per 

minute (ES=0.63). A moderate reduction in the volume of work completed between 

quarter 1 to 4 was also moderate (14%, moderate). 

 

 
Table 13. Comparison of main work variables between quarters (mean ± SD). 

Variable 

Q1  

(n=1246 files) 
Q2  

(n= 1303 

files) 

Q3  

(n= 1370 

files) 

Q4  

(n= 1357 

files) 

Effect Size from 

Q1 to Q4 

Total Time 

(min:s) 
25:45 ± 4:33 25:34 ± 4:23 24:55 ± 4:38 24:49 ± 4:59 4%; trivial 

Total 

Distance 

(km) 

3.30 ± 0.64 3.18 ± 0.61 3.07 ± 0.63 2.96 ± 0.66 10%; moderate ↓ 

Average 

Speed 

(km/hr) 

7.72 ± 0.82 7.49 ± 0.77 7.41 ± 0.80 7.17 ± 0.77 7%; moderate ↓ 

Exertion 

Index 
34.7 ± 8.3 32.7 ± 7.8 31.4 ± 8.1 29.7 ± 7.8 14%; moderate ↓ 

Exertion 

Index per 

Minute 

1.35 ± 0.26 1.28 ± 0.24 1.26 ± 0.25 1.20 ± 0.22 11%; moderate ↓ 
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Figure 7. Box and Whisker of Exertion Index Across the AFL Season. The median value 

is indicated by the thick black line, the standard deviation by the box, the mean for all teams by the red 

line, and the range by the vertical error bars. 

 

Comment 

 

The most intense period of the game is the first quarter and there is a moderate 

reduction in playing intensity between quarter one and four. This is undoubtedly 

influenced by fatigue, however it is also important to consider the reduction in 

workload in the later stages of a game that has a convincing winner.
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Conclusions 
 

This is the 5
th

 year of the GPS report for AFL during which time GPS technology has 

changed substantially. To keep up with this change, this year‟s report has analysed 

GPS data at a 5Hz sampling rate, in comparison to the previous 1Hz analysis. 

Comparisons were made of these two analysis methods and it was found that 

substantial differences exist for some variables. 

 

Regardless of these differences, a substantial increase in player work load was 

observed in 2009 compared to 2008. This is likely a result of both increased playing 

duration and a higher playing intensity, the first time such changes have occurred 

since this research began in 2005. 

 

As in previous years, substantial differences were evident between playing positions, 

with nomadic players having a higher game intensity mainly due to a higher volume 

of steady state running.  

 

Differences were evident between grounds with the greatest workloads undertaken at 

Subiaco Oval and the lowest at Skilled Stadium. However, it is important to keep in 

mind that this outcome may be influenced by the home teams and their choice of GPS 

device. 

 

In contrast to 2008, there was no significant relationship between a team‟s work load 

and where they finished on the ladder.  However a comparison of the top 4 and 

bottom 4 teams showed that the top 4 worked at a slightly lower intensity. 

 

Workloads increased throughout the home and away Season. A moderate decrease in 

work load and intensity was also evident in the last quarter of games when compared 

to the first quarter, highlighting the impact of fatigue. 
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Future Directions  
 

All AFL teams are now routinely tracking the workloads of players in training and games. 

This collective effort provides a large number of benefits and has done for the last 3-4 

Seasons. While GPS hardware technology continues to develop, so too does the software 

used for analysis. Software developments now offer the ability to focus on spatial analysis 

and player interactions. To highlight areas in which GPS usage can be further developed, 

we present the following case study.  

 

Nineteen players from one team and nine players from a second team wore GPS units in a 

Premiership game. The GPS data was time referenced to ensure all players were 

synchronised with AFL game times. The GPS data was then integrated with the game 

transaction record (possession data), providing a snapshot of when each monitored player 

had the ball and where they were on the field at this point. Given the large sample size, 

this case study allowed the position of the ball to be identified for a large portion of the 

game.  

 

An analysis was then conducted to determine when a player was within 20 metres of the 

ball („on ball‟). Using a proximity radius, player speed was then calculated when the 

player was within 20 metres of the ball, and for the 10 seconds before and after entering 

this range.  

 

These steps were completed in a relatively automated process with the use of Eonfusion 

(Myriax Software, Hobart). Figure 8 shows a screenshot of this analysis and player 

position relative to ball position.  

 

 
Figure 8. Image showing the interaction between players and the ball. 

 

A comparison was then made between average game speed and game speed when the 

player was „on the ball‟. This is just one example of how software developments are 

allowing a more detailed understanding of game demands to be established.  

 

Table 13 shows the difference in average speed when a player is „on the ball‟ compared to 

their average game speed. This analysis shows that „on ball‟ speeds are much lower; this 
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may be due to a number of factors. In this case study we are only looking at when a 

player is close to the ball and their own team has clear possession of the ball. Therefore 

possible reasons for a lower speed include a mark resulting in the player moving slowly 

or a player moving slowly prior to a disposal.  

 

Table 13. Comparison of average game speed and óon ballô game speed for 28  

players (mean ± SD). 

Average Speed  

(whole game) 
Average Speed  

(on ball) 
Difference 

8.37 ± 0.60 6.54 ± 1.00 28%; very large 

 

This case study shows an example of what can be achieved with new software 

developments. It also opens up more questions that can be further investigated, with the 

aim of shedding light not only on player work rate but also tactical aspects of the game.  

 

Another such example is shown in figure 9 where the distance between opposing players 

was assessed throughout the game. However, regardless of what can be achieved with 

technology advances, these developments will only be of benefit to the user who has 

clearly defined objectives. 

 

 
Figure 9. Image showing the distance between two opposing players during a short 

period of the game.  
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Appendix A: GPS Analysis Definitions  
 

Work 

 

Total Distance: Measures the total distance travelled during the playing period. 

Measured in kilometres.  

 

Average Speed: Total distance divided by total playing duration in hours. Measured 

in km·hr
-1

. 

 

Total Time: The total on field playing duration. Measured in minutes.  

 

Exertion Index: Exertion index is a quantifiable level of physical load developed by 

FitSense Australia. This measure allows a relationship to be drawn between game 

load, fatigue, and the total load between players. The exertion index used to assess 

GPS data in this project was based on the sum of a weighted instantaneous speed, a 

weighted accumulated speed over 10 seconds, and a weighted accumulated speed over 

60 seconds. This ensures both short sharp efforts, and long sustained efforts are 

analysed equally. The weighting is based on a polynomial relationship in which high 

speeds achieve a higher exertion value than lower speeds. Exertion index is measured 

in arbitrary units. The formula to determine exertion index was: 

 

Exertion Index = (Sum of EI
1
 + Sum of EI

10
 + Sum of EI

60
)/300 

 

Where: 

 

EI
1 

= (v
4 

x 0.000009) - (v
3 
x 0.001) + (v

2
 x 0.0356) - (v x 0.0596) - 0.0172 

 

EI
10 

= (V10
4 

x -0.00003) - (V10
3 

x 0.0004) + (V10
2
 x 0.0477) - (V10 x 0.0476) + 

0.1056 

 

EI
60 

= (V60
4 

x -0.00003) - (V60
3 

x 0.0004) + (V60
2
 x 0.0477) - (V60 x 0.0476) + 

0.1056 

 

v = speed in kilometres per hour captured at 1 Hz. Where data was captured at 5 Hz, it 

was averaged to create a 1 Hz sample. 

 

V10 = average speed in kilometres per hour of the last ten 1 Hz speed samples.  

 

V60 = average speed in kilometres per hour of the last sixty 1 Hz speed samples. 

 

 

Exertion Index per Minute: This is a measure of game intensity and is determined 

by dividing exertion index by playing time.  

 

Efficiency: A measure of the work requirements for game involvement and game 

impact. Measured by dividing exertion index by total number of possessions.  

 

Maximal Speed: The maximal speed reached for a one second sample period. This 

measure is likely to be lower than the actual maximal speed achieved by the player 

due to the sampling rate and resolution of the GPS system. 
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Movement Pattern Profile  

 

Surges above/below a Specified Speed (# times >/< x km·hr
-1

): The number of 

times the player goes from below (above) this speed to above (below) this speed. 

Gives an indication of the intermittent nature of the session, and the intensity at which 

speed peaks occur.  

 

Number of Accelerations (Acceleration > x km·hr
-1 

in 1sec): The number of times 

the speed increases by more than x km·hr
-1

in a 1 second time period. This gives an 

indication as to the accelerations undertaken and how frequently these occur. 

Accelerations are categorised as moderate (4 km·hr
-1

) or rapid (10 km·hr
-1

). 

 

Number of decelerations (deceleration > x km·hr
-1 

in 1sec): The number of times 

the speed decreases by more than x km·hr
-1

 in a 1 second time period. This gives an 

indication as to the decelerations required and how frequently these occur. 

Decelerations are categorised as moderate (4 km·hr
-1

) or rapid (10 km·hr
-1

). 

 

Longest Continuous Time above a Specified Speed (LCT > x km·hr
-1

): The 

longest period of time the player stays above this speed, without dropping below this 

speed. Time is recorded even when the player enters a higher speed zone. Provides an 

indication of the longest continuous effort at varying speeds.   

 

Time at steady state > 8 km·hr
-1

 (Steady State Intensity Time): Any time at a 

speed above 8 km·hr
-1

 where the players‟ velocity does not alter by more than 1.5 

km·hr
-1

within a 1 sec sample period. This gives an indication of time spent at 

continual running speeds.  

 

Time in Speed Zones 

 

Speed Zones (x ï y km·hr
-1

): Time spent between the speeds of x and y km·hr
-1

. 

Provides information on the dispersion of speed throughout the session.  
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