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Executive Summary

This research follows on from previous investigations into the demands of elite level
AFL based on GPS data collection by the same researchers in 2005, 2006 and 2007.
Sixteen clubs participated in this research with a total of 1396 GPS game files
captured in the 2008 Premiership Season. Results show a continuing trend of
increased playing intensity in 2008, and this higher playing intensity is the main factor
differentiating the 2007 and 2008 seasons from the 2005 and 2006 seasons. An
increase in the steady state running volume in 2008 compared to all previous seasons
was also evident. The comparison of data collected on different commercially-
available brands of GPS devices showed similar work rates but differences in
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. Team-based success throughout the season was closely related to a team’s
work rate. Harder working teams finished higher on the Premiership ladder.
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Introduction

Over the past five 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.

Professional AFL teams have been early adopters 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 2008, all sixteen teams were using GPS on a regular
basis. In-game use has expanded quickly as more teams use the technology and the
AFL allows for its greater use.

In 2005, approximately one hundred GPS game files were captured across the season.
In 2008, over 1500 game files were captured. This latter figure equates to
approximately one fifth of all players being monitored across the season.

Previous research?? established base level AFL player game demands. Since then,
further research has shown seasonal trends and changes in player demands.

Key findings of the GPS analysis for three AFL seasons (2005-2007 inclusive) were:

e Total running distances are substantially lower than previously reported;

e 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;

e AFL is a highly intermittent game interspersing lower and higher intensity
efforts and this may be a key factor in fatigue, recovery and injuries;

e The size and shape of AFL grounds had no substantial relationship with the
running requirements of players during a game;

e 2007 showed a significant increase in game intensity compared to previous
years (4.3% greater than 2006 and 10% greater than 2005);

e Players who were rotated more often were able to maintain a higher game
intensity;

e No substantial changes in workload trends were evident across the course of
the premiership season.

The goal of the 2008 GPS research report was to investigate the following
relationships in the physical aspects of AFL football:

Player work rate and team success;

On-field playing duration and game intensity;

Comparison of different commercially-available GPS devices;
Rotations and players work rates;

Quiarters and work rate; and

Player performance and work rates.
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Methods

Elite AFL footballers (n=323) from all sixteen AFL clubs were tracked using two
different GPS systems (GPSports, Canberra, Australia and Catapult, Melbourne,
Australia) during the 2008 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, 1396 usable game files were captured. A file was
considered usable when it was without error, captured during the Premiership Season
and included a playing period of greater than 60 minutes.

Upon receiving the GPS game files (n=1396), the data was categorised according to
the type of GPS device used: GPSports (n=793) or Catapult (n=603).

The GPSports devices captured data at 1 Hz throughout the duration of each game
while the Catapult devices captured data at 5 Hz. Data sampled at 5Hz was converted
to a 1Hz sample by averaging each five samples. Player speed, heart rate, latitude and
longitude were recorded. Where no satellites were found by the GPS unit during the
course of the game, data for this period was omitted.

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, player age, team, opposition, venue,
playing duration, and date and time of game. All playing time was analysed. Non-
playing periods (quarter 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 4804 quarters of data.

To ensure consistency between files, two rules were employed to categorise the data
into one of two groups - ie, playing period and non-playing period. This process
resulted in data being objectively categorised. 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:
e 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 outlined
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 was greater than the smallest worthwhile (substantial) change®.

GPS Accuracy

The GPSports units are claimed by the manufacturer to be 99% accurate in continuous
straight line running, and 96-97% accurate in a dynamic team sport situation with
rapid changes of speed and direction®. A study by Edgecombe and Norton® showed
that the mean error of the GPSports Systems in team sports, when compared to a
known distance was 4.8%, with the GPSports system overestimating the true distance.
The Edgecombe and Norton study reported that the GPS systems had a relative
Technical Error of Measurement (TEM) of 5.5%, indicating the technology is a
suitable means of quantifying speed and distance in the AFL. GPS technology appears
more reliable than traditional manually coded time-motion analysis. No published
research has yet been completed on the accuracy of Catapult GPS devices. Thus,
further work is required to clarify the reliability and validity of GPS monitoring of
movement patterns in the dynamic chaotic environment of AFL football.
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Results

The 1396 GPS files from the 2008 AFL Premiership Season comprised the following
number of files per ground:

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

AAMI Stadium, Adelaide (n=212)
ANZ Stadium, Sydney (n=27)

Aurora Stadium, Launceston (n=58)
GABBA, Brishane (n=122)

Gold Coast Stadium, Gold Coast (n=27)
Manuka Oval, Canberra (n=18)
Melbourne Cricket Ground, Melbourne (n=443)
Sydney Cricket Ground, Sydney (n=39)
Skilled Stadium, Geelong (n=97)
Subiaco Oval, Perth (n=313)

Telstra Dome, Melbourne (n=27)

T10 Stadium, Darwin (n=13)

Forwards (n=121)
Nomadic (n=1153)
Defenders (n=122)
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Season Comparisons

A seasonal comparison of GPS data is presented in the following sections. To allow a
direct comparison between current and historical data, the data presented in this
section relates to data captured by GPSports devices only.

Work Rate

Results

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.

A seasonal comparison of work-rate related variables is presented in Table 1.The
2008 data is similar to 2007 with both show a significant difference to the 2005 and
2006 data in terms of total time, total distance, average speed and exertion index per
minute. The only significant difference between 2008 and 2007 was in efficiency. The
data show that in 2008 players were required to do more work to obtain each
possession than in previous years.

Table 1. Comparison of main work rate variables between seasons (mean + SD).

2008 Mean 2007 Mean 2006 Mean 2005 Mean

Work Variable Values Values Values Values

(n= 793 files) (n=632 files) (n=244 files) (n=80 files)
Total Time 100:01 + 14:22+s  100:23+15:58 11151 +14:13 101
(min:s) 13:50
(Tlfr;"’;' Distance 12.18 + 1.89%a 12.03 +1.90 1251+1.71 12.45 + 1.65
Average Speed 7.33 + 0.66% 7.24 +0.83 6.78 + 0.94 6.76 + 0.67
(km/hr)
Exertion Index 12422 +2346  122.16+23.63  122.68+24.02 120.98 + 20.44
Exertion Index 1.25 + 0.19%a 1.23+0.23 1.16 +0.25 1.10+0.18
per Minute
Efficiency
(Exertion Index ~ 9.10 % 4.29*av 8.67 + 3.57 8.77 +4.22 A% A5

per Possession)

* = Significantly different from 2005 (p<0.05).
& = Significantly different from 2006 (p<0.05).
v = Significantly different from 2007 (p<0.05).

Comment

The 2008 work rate data is similar to that of 2007 indicating only minimal changes
between these two seasons. Although there was no statistically significant difference,
there appears to be a trend of increased playing intensity over all seasons analysed
from 2005-2008.
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In 2008, players were required to complete more work in order to obtain each
possession. This reduced efficiency emphasises the need for players to be capable of
large running-based workloads.
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Figure 2. Histogram representing distribution of total Exertion Index across all
positions in the 2008 season.
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Figure 3. Histogram representing Exertion Index per Minute across all positions in
the 2008 season.
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Movement Pattern Profile
Results

A seasonal comparison of movement pattern variables (surges, acceleration
characteristics, steady state running and longest continuous efforts) is presented in
Table 2.

The 2008 data shows an increased number of surges above 16 and 18 km/hr compared
to 2007. However, there was a reduction in the number of rapid (greater than 10 km/hr
in 1 second) accelerations and decelerations in 2008 compared to 2007.

Further, the length of efforts (longest continuous time) above 17 km/hr increased in
2008 and this was accompanied by a reduction in the length of walking (below 5
km/hr) periods.

Most significant is the increase in the steady state running volume in 2008 which is
significantly higher than all previous years and continues the upward trend over the
four seasons.
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Table 2. Comparison of movement pattern variables between seasons (mean + SD).

2008 Mean 2007 Mean 2006 Season 2005 Mean

Variable Values Values Mean Values Values

(n= 793 files) (n= 632 files) (n=244) (n=80 files)
Surges below 5 331 + 60*a 333 + 65 359 + 62 365 + 52
km/hr
Surges above 14 115 + 28+ 112 + 26 110 + 28 111 + 25
km/hr
Surges above 16 88 + 22av 81 + 21 79 + 22 77+ 19
km/hr
Surges above 18 87 + 21y o1 +21 90 + 24 89 + 20
km/hr
Accelerations over 4 245.6 + 46.6 2448 +463  2512+50.1  240.8+432
km/hr in lsec
Accelerationsover 10 14 4, 4 q,, 11.8 + 5.3 11.5 + 6.0 10.0 £ 4.4
km/hr in 1sec
Decelerations over 4 228.6 + 458 2272+439  2327+472  227.9+42.6
km/hr in 1lsec
Decelerationsover 10 134, 55, 15.7 + 6.1 15.7 + 6.9 15.8 + 5.3
km/hr in 1sec
'(-niz_g)”der SKMr 144 016ay  1:30£044  2:00+£1:17  1:35+0:44
'(-Sg over 13 km/hr 23.02+5093*  23.02+582  21.36+518  21.59+4.05
('-SECJ over ISkm/hr 90 cs i 516+ 18374464  17.32+3.96  17.04+3.18
('-Sgg over 17 km/hr 1533+ 4.60vy 1476 +4.08  14.09+339  14.31+2.72
(Lsg over 20 km/hr 10.91 + 3.864 1065+373  1012+258  11.08+2.80
Steady State Time
above 8 km/hr 24:27 + 5:23%av 23:29 +5:34 23:01 + 5:55 22:38 + 4:49

(min:s)

LCT = longest continuous time.

* = Significantly different from 2005 (p<0.05).
& = Significantly different from 2006 (p<0.05).
v = Significantly different from 2007 (p<0.05).

Comment

The total playing durations in 2007 and 2008 were approximately 10% less than 2005
and 2006. Despite this reduction in total playing duration, a yearly increase in steady
state running volume continued to be observed.

Page | 12
FitSense Australia — Quantifying Change in AFL Player Game Demands Using GPS Tracking
2008 AFL Season



Time in Speed Zones

Results

A seasonal comparison of speed zone profiles is presented in Table 3.

In 2008, there was a significant reduction in time spent between 8 and 10km/hr, and
above both 18 and 25 km/hr when compared to 2007 data. Greater time was spent in

the 16-18 km/hr zone compared with 2007.

The 2007 trend of reduced time at speeds below 10km/hr continued in 2008, while
greater periods of time were spent between 14 and 18 km/hr.

Table 3. Comparisons of time in speed zones between seasons (mean + SD).

2008 Mean 2007 Mean 2006 Season 2005 Mean

Time Zone Values Values Mean Values Values

(n=793files)  (n= 632 files) (n=244) (n=80 files)
TimeUnder8  g5.191+12:10%  65:33£14:45  77:19£16:09  76:46 + 12:35
km/hr (min:s)
Tme 8-10 6:30+1:25%y  7:04%1:43 7:20 +1:33 7:27 £ 1:35
km/hr (min:s)
Time 10-12 7:43 +1:38 7:41 £ 1:48 7:42 + 1:49 7:41 £ 1:43
km/hr (min:s)
Time 12-14 6:40  1:37 6:34 £ 1:43 6:25 + 1:46 6:19 % 1:30
km/hr (min:s)
Tme 14-16 5:00+1:24  452+1:21 440+1:27  432%1:05
km/hr (min:s)
Ut Lo Thet 3:29+1:00%av  3:08 £ 0:55 3:01 + 0:58 2:50 + 0:43
km/hr (min:s)
Time Over 18 516 + 1:30v 5:31 + 1:32 5:25+1:49 524+ 131
km/hr (min:s)
TIme OVer2>  og90+1524=ay  31.48+17.290 321341808 35531712
km/hr (sec)

* = Significantly different from 2005 (p<0.05).
& = Significantly different from 2006 (p<0.05).
v = Significantly different from 2007 (p<0.05).

Comment

As noted earlier, it is important to consider the reduction in total playing duration over
the last two seasons compared to 2005 and 2006.

The 2008 data highlights the reduction in time spent at the slowest speeds (10 km/hr
and below) as well as the highest speeds (above 25 km/hr). Accompanying this trend
IS an increase in the time spent at moderate running speeds (between 14 and 18
km/hr).

These changes indicate that players are no longer receiving as much rest or
undertaking as much maximal intensity work. One possible explanation is that players
are not getting adequate on-field recovery in order to complete the same volume of
maximal intensity work. On-field recovery is now confounded by more running at
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higher speeds which may mean the players carry fatigue preventing them from
completing as many, or as long, maximal sprints.

Significant Changes between 2008 and 2007 Seasons
Results

A summary of the significant differences in player movement patterns between the
2008 and 2007 seasons are shown in Table 4.

There were small changes between the two most recent seasons (2007 and 2008) and
these changes were only in the movement pattern and time in speed zones variables.
There was no substantial change in any key work variables.

Table 4. Rank order for key work variables between the 2007
and 2008 playing seasons

Variable Effect Size
LCT Under 5 km/hr 0.48; small |
Time 16-18 km/hr (min:s) 0.38; small 1
Decelerations over 10 km/hr in 1sec 0.33; small |
Time 8-10 km/hr (min:s) 0.33; small |
Surges above 16 km/hr 0.29; small 1
Accelerations over 10 km/hr in 1sec 0.28; small |

N.B. Only variables with a small substantial change or greater are listed. Arrow shows direction of
change in the 2008 season compared with 2007.

Comment

The observation that only small differences were evident between the last two seasons
is consistent with any change in trend in a game that evolves at a variable rate over
time. Substantial or significant changes in physical demands of AFL football may
occur from year to year or over two to four years.
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Four Year Trends i 2005 to 2008

The researchers have quantified player game demands in AFL for the past four
seasons. A general increase in physical demands on players has been observed in AFL
football over this period.

The most notable change over the four years is the increase in game intensity with
each season. This increase is most evident between 2006 and 2007 where a 6%
increase in game intensity was coupled with a 10% decrease in playing duration.

From the four years of available data, the rates of changes between 2005 and 2006
and then between 2007 and 2008 were comparable. While further research may
confirm this, it is possible that the game is changing in stages; substantial shifts occur
through rules changes, training techniques and/or tactics followed by periods of
relative stability prior to the next substantial change.

A large portion of the increase in intensity may be a result for the increased volume of
steady state running. The volume of steady state running in 2008 is substantially
higher than all previous years and has resulted in players obtaining less on-field
recovery time. In turn this has reduced the number of maximal sprints and time spent
at maximal intensities.

Another key factor is the increased use of player rotations. This trend may explain the
reductions in player duration recorded, but the increased off-field recovery is a likely
factor in maintenance of higher intensities observed in 2008.
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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 2008 season (see Table 5).

N.B. The Catapult data was converted from 5Hz to 1Hz for the purposes of this analysis. This was done
by averaging each 5 samples to get a 1 second speed reading.

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.

Results

A total of 57% of data was captured on GPSports devices from eight of the sixteen
AFL teams in 2008. While the same number of teams used Catapult devices, only
43% of usable data was captured with this device.

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 moderately more surges over 18 km/hr and a larger number of accelerations
over 4 km/hr in 1 second (Table 5).

Table 5. Comparison of main work rate variables between GPS devices (mean = SD).

. GPSports Catapult Effect Size
WA L el (n=793 files) (n= 603 files)
Total Time (min:s) 100:01 + 14:22 101:03 + 16:16 0.07; Trivial
&Or;"’;' Distance 12.18 + 1.89 12.32 + 2.17 0.07; Trivial
Average Speed 7.33+0.66 733+ 061 0.00: Trivial
(km/hr)
Exertion Index 124.22 + 23.46 128.19 + 25.66 0.16; Trivial
Steady State Time 24:27 + 5:23 23:36 + 5:24 0.16; Trivial
(min:s)
Accelerations over )
e T 245.6 + 46.6 354.1 + 88.8 1.59: Large
Time over 18 5:15 + 1:30 6:10 + 1:43 0.57; Small
km/hr (min:s)
Surges above 18 86.5+ 21.1 108.5 + 26.6 0.93: Moderate
km/hr
Comment

This comparison shows that some differences were evident in the data captured on
two different commercially-available GPS devices, most notably in surges and
accelerations. For these variables, care must be taken when comparing individual
team/player results to overall means, or direct comparisons to data from the opposing
brand. Only trivial difference was evident between key work rate variables such as
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distance and exertion index, and so more certainty can be employed in comparing
these variables.

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 on a positional basis.

IN.B. Nomadic refers to all players who are not classified as either a fixed forward or fixed defender |

Results
Key GPS variables by player position are presented in Table 6.

It is evident that 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. This outcome was
associated with a higher average game intensity by nomadic players.

While nomadic players performed a significantly greater number of accelerations than
defenders, it was the volume of steady state running and the amount of time spent
above 18 km/hr that differentiated nomadic players from players in other positions.

Figure 4 shows the time spent across all speed zones by player position.

Table 6. Work variables by position (mean x SD).

Variable Forward Nomadic Defender
(n=121) (n=1153) (n=122)
Total Time (min:s) 104:28 + 14:41 99:34 + 15:11" 10449 + 14:49
Total Distance (km) 11.92 £ 2.08 12.31+£2.01 11.88 £1.92
Average Speed 6.84 + 0.61 743+ 059" 6.81 + 0.61
(km/hr)
Exertion Index 116.63 + 25.19 128.14 + 24.04" 114.34 + 22.81
Exertion Index per 1.11+0.17 1.29+017" 1.09 +0.17
Minute
Accelerations over 4 283.0 + 84.0 295.8 + 86.5* 270.4 + 88.5
km/hr in 1sec
Surges above 18 87.1+22.9 98.5 + 26.1° 81.0 + 20.7
km/hr
(I;,gc-; over 20 km/hr 10.95 + 5.41 12.79 + 5.74" 12.41 +9.93
Steady State Time X
above 8 km/hr 21:10 £ 5:16 24:40 £ 5:15 21:28 £+ 5:17
(min:s)
[T L 4:52 + 1:24 5:50 + 1:38" 4:35 + 1:27
km/hr (min:s)
*=Significantly different from all other positio
v = Significantly different from forwards (p<O.
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Figure 4. Pie chart of time in speed zones by position.
Comment

Substantial differences were evident between playing position; the most apparent
difference in 2008 was the higher game intensity of nomadic players. Intensity was
~21% higher for nomadic players compared with forwards and defenders. This
outcome illustrates the main differences in the running-based demands between these
positions.

The increased game intensity is largely driven by significantly more time 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 their game play.

Minimal differences in patterns of running were evident between forwards and
defenders.
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GPS Variables by Ground

Results

A summary of key GPS variables for each ground are presented in Table 7.

A small substantial difference in exertion index was evident at Skilled Stadium when
compared with AAMI Stadium (ES=0.37), the MCG (ES=0.24) and Subiaco

(ES=0.52).

Table 7. Work variable by AFL venue (mean + SD).

Work AAMI GABBA MCG

Variable Stadium (n=122 files) (n=442 files)
(n=212 files)

([’%r)”ens'ons 165 x 133 156 x 138 160 x 141

Total TiMe  100:04+16:09 102:51+15:24 9855 + 13:55

(min:s)

&0;6;' Distance 15574205 12254205  12.04+1.90

Average Speed 7404064 7164067  7.32+0.63

(km/hr)

Exertion 127.79 + 124.41 +

Index 24 44% 12342+ 24.76 2386

Exertion

Index per 1.28 +0.19 1.20+1.90 1.26 £0.18

Minute

Accelerations

over 4 km/hr 312.8+76.3 277.0+70.7 311.0+£98.9

in 1sec

Steady State

Time above 8 24:35 +5:34 23:31 £5:35 23:29 + 5:07

km/hr (min:s)

Skilled
Stadium
(n=97 files)

170 x 115
99:58 * 15:07
11.83+2.14

7.10 £0.65

118.57 + 26.40

1.18 +0.19

260.4 + 68.5

22:40 + 5:33

Subiaco Oval
(n=313 files)

176 x 122
101:53 + 15:02
12.65+1.88

7.48 +0.62
130.97 +

22.86*
1.29+0.18

2629+ 74.2

25:41 +5:05

N.B. Only grounds in which 60 or more games files were collected are shown.

* denotes small substantial difference compared to Skilled Stadium.

Comment

There were some small differences in work rate across some grounds, but there does
not appear to be any relationship with the grounds dimensions. In other words, despite
the large differences in ground dimensions, this does not appear to directly impact on

the work rate of the playing teams.

In most cases, less than half the data captured at any given ground was captured by

the home team.
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Rotations, Playing Duration and Workload

Results

A moderate relationship existed between the average intensity of a player and the
number of rotations that player had during a game. As rotations increased, so did the
exertion index per minute (r=0.38, p<0.01) and average speed (r=0.36, p<0.01).

There were only small correlations between game intensity and total on-field playing
duration. There was an inverse relationship between on-field playing duration and
average speed (r=-0.13, p<0.01) and exertion index per minute (r=-0.14, p<0.01).
When the data was examined on a quarter by quarter basis, there were similar weak
inverse relationships (on-field playing duration in that quarter and average speed r=-
0.13, p<0.01; and exertion index per minute r=-0.12, p<0.01).

Comment

There is some evidence that reducing a player’s on-field playing duration allow him to
maintain a higher game intensity. Given the relative strength of these relationships,
short frequent on-field bursts will most likely be more effective in maintaining a
higher game intensity than a low number of longer on-field periods with longer rest
periods.

Speed Decrement and Playing Duration

The relationship between rotations, playing duration and workload was explored in a
separate project which analysed thirty GPS files captured during the 2007 AFL
season. This research investigated the relationship between on-field playing durations
and player speed. The thirty GPS files were categorised into 189 individual playing
periods and analysed.

Results

Player speed in the first minute was substantially higher than the speed in the second
minute (ES=0.73) and the average speed across the playing period (ES=0.91). A
significant inverse correlation was evident between the player speed and duration of
the playing period, demonstrating that shorter more frequent playing periods elicited
more acute increases in player speed and a higher average player speed. Figure 5
summarises this finding.

Furthermore, an inverse correlation existed between the duration of the playing period
and the average speed in the first minute (r=-0.21, p<0.01) showing that playing
duration was shorter when the player speed was higher in the first minute of play.

No significant differences existed in speed profiles between playing periods. That is,
all first minute average speeds were similar as were the average speeds across entire
playing periods, regardless of whether they occurred early or late in the game.
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Figure 5. Average speed profile by minute throughout the playing period.

Comment

More frequent rotations will result in more periods of increased player speed,
regardless of whether it is the start of the game, post-quarter or half time, or following
a break on the bench. Shorter playing periods may magnify these effects. However,
after this first minute of increased speed, player speed will plateau for the remainder
of the playing period highlighting that the increased speed can only be maintained for

a short period.
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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.

Results

The exertion index for and against each team is presented in Table 8. Figure 6 shows a
graphical representation of each team’s exertion index profile, while Figure 7 shows
their opponent’s exertion index profile.

A large correlation (r=0.85, p<0.01) was evident between exertion index and the
number of premiership points obtained by the team during the season. A large
correlation (r=0.90, p<0.01) also existed between exertion index and where the team
finished on the premiership ladder at the end of the season.

A weak but substantial relationship existed between a team’s exertion index per
minute and their ladder position (r=0.11, p<0.01) and premiership points (r=0.10,
p<0.01).

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.

Table 8. Exertion Index by team and opponent (mean + SD).

Number Number of

Team of Files Average Exertion Files as Average Exertion

Captured Index of Team Opponent Index of Opponents
1 132 135.3+23.9 110 124.0 £ 21.3
2 16 123.0 + 20.4 45 1325+ 21.2
3 115 121.6 £27.5 104 120.7 £ 234
4 16 146.6 + 12.2 92 123.6 £ 23.1
5 50 134.7 £ 22.7 55 130.2 + 20.5
6 104 132.0 + 19.7 110 130.3+24.1
7 178 115.6 £22.5 90 128.1+254
8 135 1174 +23.1 109 124.4 + 24.8
9 150 123.0 £ 23.6 92 127.4 + 26.2
10 71 120.8 +22.5 90 133.4 £ 26.5
11 36 1199 + 32.6 80 120.4 + 29.7
12 59 138.8 + 23.8 79 125.3+21.3
13 28 120.9 + 30.8 109 123.7 £ 21.3
14 123 133.5+21.7 67 120.5+26.1
15 183 128.7 £ 22.6 103 126.9 + 26.5
16 0 N/A 61 128.0+25.1
TOTAL 1396 1259+ 245 1396 1259+ 245

N.B. Each team has been randomly assigned a number to maintain anonymity. Team 16 did not have
any usable data for this research.
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Figure 6. 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.
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Figure 7. 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

81% of the variance in premiership ladder position can be explained by the team’s
exertion index across the season. This finding indicates quite strongly that those teams
which performed well during the 2008 season completed a higher workload as
measured by exertion index.

Individual Game Success

To determine the strength of the relationship between success in a given game and
player work rate, all data was analysed by player exertion index and the score line in
each game.

Results
No relationship existed.

Data from opposing teams was then analysed in individual games when five or more
game files were captured by both teams. This occurred in 43 games throughout the
season. It is important to note that this was only a small number of games and the
GPS work rates of only 25-40% of players involved in the game were analysed.

Results

In only 21 (49%) of these games did the team with the highest exertion index win. In
only 17 (40%) of these games did the team with the highest exertion index per minute
win.

A similar scenario was seen in games with a winning margin of less than 20 points.
There were 17 of these games and in 10 (59%) of these games the team with the
highest exertion index won and in only 7 (41%) did the team with the highest exertion
index win.

Comment

The results suggest that a team’s work rate and intensity have no direct bearing on the
result of an individual game, but as reported above, a high work rate sustained across
the entire season is related to team success.

Top 4 Teams v Bottom 4 Teams

The relationship between team success and work rate was investigated by evaluating
data from the first four teams versus that of the bottom four teams on the end of
season Premiership ladder.

Results

Table 9 shows the results of this comparison. A small but substantial difference is
seen between all key GPS variables. The most substantial difference was the higher
exertion index per minute of the top 4 teams.
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Table 9. 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).

. Top 4 Bottom 4
Variable (n=494) (n=582)
Exertion Index 129.01 £ 23.34 122.25 + 23.32
Exertion Index 1.30 +0.18 1.23+0.18
per Minute
Distance 12.36 +1.91 12.04 + 1.95
Accelerations over
4 kr/hr in 1sec 300.7 +76.0 265.7 +83.0
Steady State Time
above 8 km/hr 25:07 +5:28 23:22 +5:04
(min:s)

Ul Qrel 1 5:47 + 1:30 5:22 + 1:37

km/hr (min:s)

Effect Size
0.29; small
0.39; small
0.17; trivial
0.44; small

0.33; small

0.28; small

Comment

The results add further support for the importance of team work rate in a team’s
success across the season. While the top 4 teams only averaged an exertion index per
minute 5.7% higher than the bottom 4 teams, this may represent a substantial
difference in elite sport. To put this in perspective, it is worth considering that the
average difference between first and eighth place in all men’s individual track events

at the 2008 Olympics was 2.9%.
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Workloads across the Season

To examine any change in workload across the season, the 2008 Premiership season
was divided into 5 sections: rounds 1-6, 7-11, 12-16, 17-22 and finals, and the average
exertion index of each was analysed.

Results

The average exertion indexes of teams through different parts of the 2008 season are
presented in Figure 8.

There was no substantial change in the exertion index during the various phases of the
home and away season. A small substantial change was evident between the finals
and each quarter of the home and away season with lower exertion in the finals.

200

n
[=]
1

Exertion Index

100

504

T T T T T
1-6 T-1 12-16 17-22 Finals

Rounds

Figure 8. 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.
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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.

Results

The strongest significant correlation with possessions was exertion index (r=0.35,
p<0.01) and then both total distance and steady state running volume (r=0.34,
p<0.01).

When assessing possessions per minute of playing time, it was exertion index per
minute (r=0.25, p<0.01) and average speed (r=0.24, p<0.01) that had the strongest
significant (moderate) relationship.

When the time in zones profile was compared to possessions, for forwards there was a
small relationship between the number of possessions obtained and the time spent in
the 16 to 18 km/hr speed band (r=0.28, p<0.01). No significant relationship for
forwards was found between the number of marks and any GPS variables.

For nomadic players, the strongest relationship between the number of possessions
they obtained and the speed zone profile was in the 12 to 14 km/hr band (r=0.35,
moderate, p<0.01) and the 14 to 16 km/hr band (r=0.32, moderate, p<0.01). This
relationship was stronger than any relationship with running at high speeds
accompanied by a moderate relationship between the volume of steady state running a
nomadic player performed and how many possessions they obtained (r=0.33, p<0.01).

Comment

When possessions are used as a method of monitoring player performance, the results
show that the best predictor of performance from GPS data is exertion index and
steady state running volume. This analysis shows that harder working players will be
rewarded with greater game performance (involvement).

Exertion Index

The exertion index correlated substantially with several key measures of player work
rate, as shown in Table 10.
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Table 10. Relationship between Exertion Index and key
GPS work variables (mean + SD).

. R Value
Work Variable (p<0.01)
Total Distance (km) 0.95
Average Speed (km/hr) 0.63
Steady State Time above 8 0.92
km/hr (min:s) ’
Accelerations over 4 0.50
km/hr in 1sec ’
Accelerations over 10 0.97
km/hr in 1sec '
Time Over 18 km/hr 0.79

(min:s)

As detailed in Appendix A, the exertion index comprises the sum of three individual
exertion measures: exertion for 1 second, 10 seconds and 60 seconds. The breakdown
of these three measures is shown in Figure 9. The figure shows the greatest
contribution being made by the 10 second component.

W Exertion - 1 Second

[ Exertion - 10 Second
B Exertion - 60 Second

Figure 9. Pie chart of the contribution to total exertion index by the three individual
exertion measures.

Comment

Figure 9 highlights the importance of sustained work in AFL and the difference
between this exertion index, developed for AFL, and other measures of overall
exertion.
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Player Age and Workload

Results

A comparison between player age and work rate showed a small inverse relationship
exists between the age of a player and exertion index (r=-0.13, p<0.01) and exertion
index per minute (r=-0.23, p<0.01).

Comment

Younger players are undertaking greater volumes of work, at a greater intensity than
older players.

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 11.

Results

These results shows a moderate decrease in playing intensity between the 1 and 4™
quarter as indicated by both average speed (ES=0.68) and exertion index per minute
(ES=0.65). While the reduction in intensity from quarter 1 to 4 is moderate, only a
small reduction in the volume of work was evident; distance (ES=0.37) and exertion
index (0.49).

The change in intensity across quarters is shown in Figure 10 through exertion index
per minute.
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Table 11. Comparison of main work variables between quarters (mean = SD).

Q1 Q2 Q3 Q4 Effect Size
Variable (n=1253 files) (n=1205 (n=1177 (n=1169 from Q1 to
files) files) files) Q4
(Trgitﬁ'_;'me 2410+ 4:43  2355+4:58  23:26+510 24:04+504  0.02: trivial
Total
Distance 3.07 £ 0.63 2.93 +0.66 2.86 = 0.67 2.84 £ 0.63 0.37; small
(km)
Average 0.68:
Speed 7.66 +£0.85 7.37+0.77 7.33+0.80 7.10+0.80 o
moderate
(km/hr)
angg)t('on 32.01+7.65 30.04+777 2904+7.75 2829+7.41  0.49: small
Exertion 0.65:
Index per 1.33+0.24 1.26 +0.22 1.24+0.22 1.18+0.22 o
) moderate
Minute
2.0
% 1.5
a
3
2 10
[11]
0.5
2 3 i
Quarter

Figure 10. 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.
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Conclusions

The overall playing demands of the 2008 Premiership Season were similar to that seen
in the 2007 season. There is a continuing trend of increased playing intensity in 2008,
and this higher playing intensity is the main factor differentiating the 2007 and 2008
seasons from the 2005 and 2006 seasons.

The main difference in physical demands in 2008 was the increase in the steady state
running volume completed compared to all previous seasons. In addition, the changes
in the speed zone profile indicates that players might not be getting adequate on-field
recovery to complete the same volume of maximal intensity work achieved in
previous years.

The comparison of data collected on different commercially-available brands of GPS
devices showed similar work rates, however substantial differences were evident
between the movement pattern variables. Most notably the Catapult units measured a
greater number of accelerations than GPSports units.

An increased number of rotations resulted in a higher average playing intensity. The
strength of the relationship between rotations and playing intensity suggests that short
frequent on-field bursts is likely to be more effective in maintaining a higher game
intensity than a low number of longer on-field periods with longer rest periods.

A detailed investigation into player running speed over time revealed that speed is
highest in the first minute before plateauing over the remaining playing period. The
results highlight that the increased speed is short-lived and that more frequent
rotations result in more frequent periods of increased player speed.

The success of a team is dependent on many factors; however a strong relationship
existed between a team’s average work rate across the season and their position on the
premiership ladder at the end of the season. The top 4 teams on the Premiership ladder
had a substantially higher work rate than the bottom 4 teams.

The importance of work rate is further highlighted by the relationship between a
player’s work rate and their performance in that game. However, no relationship was
evident between team success in an individual game when compared to the work rate
of their opposition.

Clearly player workloads must be viewed in light of motivational, tactical and skill
execution elements of AFL football.
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Future Directions

The continuing evolution of technology offers the potential for improved monitoring of
player loads and game intensities. Technological limitations exist however, and the
accuracy and practicality of technologies such as accelerometers and live monitoring
restrict widespread usage in training and games.

The greatest advances in player monitoring in the immediate future will come from
enhanced data management and usage. The quantity of GPS data captured on players over
the last 3-4 years has increased exponentially. The volume of data is currently one of the
major obstacles facing many AFL teams in their efforts to use this data in an effective and
practical manner.

Advancements in technology and data capture methods have out-paced the systems
required to maximise these improvements. It is likely that teams that improve their data
management, analysis and modelling systems over the coming years will have a
significant advantage over their counterparts.

From a research perspective, further investigation into player work rates, team and player
performances will yield valuable insights for training, physical preparation and game
analysis of AFL football. The potential for practical outcomes from this type of analysis
should ensure that GPS monitoring or tracking remains a focus for future research.
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Appendix A: GPS Analysis Definitions

Work

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

Averagelspeed: Total distance divided by total playing duration in hours. Measured
in km-hr™,

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* + Sum of EI*® + Sum of EI®?)/300
Where:
EI*= (v*x 0.000009) - (v’ x 0.001) + (v X 0.0356) - (v x 0.0596) - 0.0172

E1%0 = (V10* x -0.00003) - (V10%x 0.0004) + (V102 x 0.0477) - (V10 x 0.0476) +
0.1056

EI%° = (V60" x -0.00003) - (V60° x 0.0004) + (V602 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. It 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 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): 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-hrin 1sec): The number of times
the speed increases by more than x km-hr'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™) or rapid (10 km-hr™).

Number of decelerations (deceleration > x km-hr in 1sec): The number of times
the speed decreases by more than x km-hr 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) or rapid (10 km:hr™).

Longest Continuous Time above a Specified Speed (LCT > x km:hr?): 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* (Steady State Intensity Time): Any time at a
speed above 8 km-hr* where the players’ velocity does not alter by more than 1.5
km-hr'within a 1 sec sample period. This gives an indication of time spent at
continual running speeds.

Time in Speed Zones

Speed Zones (x i y km:hr™): Time spent between the speeds of x and y km-hr,
Provides information on the dispersion of speed throughout the session.
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