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Objectives:  To  identify  novel  insights  about  performance  in  Australian  Football  (AF),  by  modelling  the
relationships  between  player  actions  and  match  outcomes.  This  study  extends  and  improves  on  previ-
ous studies  by  utilising  a wider  range  of  performance  indicators  (PIs)  and  a  longer  time  frame  for  the
development  of  predictive  models.
Design:  Observational.
Methods: Ninety-one  team  PIs from  the  2001  to 2016  Australian  Football  League  seasons  were  used  as
independent  variables.  The  categorical  Win–Loss  and  continuous  Score  Margin  match  outcome  measures
were  used  as  dependent  variables.  Decision  tree  and  Generalised  Linear  Models  were  created  to  describe
the relationships  between  the values  of the  PIs and  match  outcome.
Results:  Decision  tree  models  predicted  Win–Loss  and  Score  Margin  with  up to 88.9%  and  70.3%  accuracy,
respectively.  The  Generalised  Linear  Models  predicted  Score  Margin  to within  6.8  points  (RMSE)  and
Win–Loss  with  up  to  95.1%  accuracy.  The  PIs that  are  most  predictive  of  match  outcome  include;  Turnovers
Forced  score,  Inside  50  s  per  shot,  Metres  Gained  and  Time  in  Possession,  all  in  their  relative  (to  opposition)
form.  The  decision  trees  illustrate  how  combinations  of  the values  of these  PIs  are  associated  with  match

outcome,  and  they  indicate  target  values  for these  PIs.
Conclusions:  This  work  used  a wider  range  of  PIs  and  more  historical  data than  previous  reports  and  con-
sequently  demonstrated  higher  prediction  accuracies  and  additional  insights  about  important  indicators
of  performance.  The  methods  used  in  this  work  can  be  implemented  by other  sport  analysts  to generate
further  insights  that  support  the strategic  decision-making  processes  of  coaches.

©  2018  Sports  Medicine  Australia.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

The analysis of team performance indicators (PIs) is useful from
 strategic standpoint; providing the opportunity to improve one’s
nderstanding about the characteristics of performances that are
ssociated with successful outcomes.2 The data revolution has
wept through professional sport and a transition from traditional;
ualitative analysis methods to modern; data-driven analyses of
ports performance has followed.1,3 The use of mathematical mod-
ls to represent the relationships between the values of PIs and

easures of match outcome can reveal the relative importance of

hose PIs and desirable ranges of values for those PIs.4 The per-
ormance of a model provides an indication of the certainty of

∗ Corresponding author.
E-mail address: yochr@deakin.edu.au (C.M. Young).
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the inferences that can be made about important PIs and their
optimal values. Therefore; progressive improvements in the mod-
elling of performance in sport has the potential to provide ever
more valuable insights about performance enhancement. These
improvements can arise from the use of a wider range of PIs that
encapsulate more player actions and events; and additional seasons
of data to train models. Improvements in the predictive accuracy
may  also arise from the use of novel modelling algorithms.

Australian (Rules) Football (AF) is a field-based, team inva-
sion sport with two teams of 18 players on the field (see Gray
and Jenkins,5 for a thorough description of the sport). Previous
investigations in AF have explored the relationship between per-
formance within a match (PIs) and match outcomes represented

as Win–Loss6,7,9 and Score Margin.6 This work has analysed per-
formance in AF matches using a number of methods including;
multiple regression,6 decision trees,7 logistic regression,7 gener-
alised estimating equations9 and cumulative mixed models.8 To

d.
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ate, these reports have used a small to moderate number of PIs
nd a limited number of seasons.6,7

Stewart et al.6 analysed 17 PIs from 5 AFL seasons and they iden-
ified Inside 50’s and Kicks as the strongest predictors of final match
core Margin. More recently, Robertson et al.7 analysed 14 pub-
icly available PIs to predict match outcome defined as Win–Loss,
chieving a prediction accuracy of 78.9% when the model was
rained and tested on two seasons of data. Recently, Woods8 inves-
igated the relationship between 11 team PIs and end of season
adder position in AF. A significant negative association was found
or Hit-outs, Clearances and Inside 50’s, with final ladder position.
lthough the findings of Woods,8 are novel, they were based on

 single season only. Some limitations to the approaches used by
hese authors6–8 are apparent, including the number (11–17) and
cope of PIs and the number of seasons (1–5) which restricted the
pportunity for model development and validation.

Robertson et al.7 suggested that the use of data mining
pproaches may  be advantageous in identifying non-linear rela-
ionships in AF and that the use of a more comprehensive set of
Is may  be beneficial. Moreover, Score Margin should be utilised as

 measure of match outcome (as well as Win–Loss) as it provides
 more granular understanding of how PIs affect match outcomes.
he use of interpretable modelling techniques in a sporting con-
ext is important, as it offers the ability to explain and understand
he reasons behind model predictions.10 Decision trees, linear and
ule fit models are some of the most interpretable models,10 while
ogistic regression may  be considered partially interpretable.

Increasing the number and scope of PIs and the number of
easons of data that are used for modelling match outcome, may
rovide novel insights about performance in AF and improved cer-
ainty about those insights. Since the work of Stewart et al.6 the
umber of PIs collected for an AFL game has increased. Conse-
uently, this study is based on a wider range of PIs collected over

 larger number of seasons than previous studies in AF. Further-
ore, while aspects of the methodology employed here have been

pplied in other football codes,1,3 its application in AF is novel this
tudy aimed to: (1) develop interpretable match outcome predic-
ion models, using a comprehensive set of PIs and seasons of data
nd (2) develop a model that provides an indication of the rela-
ive importance of PIs as predictors of Score Margin. The results
f this study will inform coaches, analysts, and players about the
haracteristics of their performance that increase the likelihood of
uccessful match outcomes.

. Methods

Team PIs from the 2001 to 2016 AFL home-and-away seasons
ere obtained from Champion Data (Champion Data, Southbank,
ustralia). This consisted of a total of 54 primary PIs (i.e. raw team
ggregate values) from 3145 AFL matches in total. Reliability and
alidity of the data collected by Champion Data has been assessed
reviously, with a high degree of accuracy reported.9,11 A number
f secondary PIs were also created from the existing dataset. They
nclude PIs that represent the difference to the opposition teams’
I value or when one PI was divided by another (Inside 50’s per
hot) or summed together (Ball Gains/Losses). This meant that the
omplete database consisted of 103 PIs for analysis (54 primary
nd 49 secondary PIs), plus two outcome measures Win–Loss and
core Margin. The primary PIs consisted of those statistics gathered
irectly by Champion Data and secondary were those created from

he original PIs (ratios, percentages, sum of two or more PIs). Drawn

atches (n = 25) were removed from the analysis. Ethical approval
or this study was granted by the University Human Research Ethics
ommittee before the study was undertaken.
edicine in Sport 22 (2019) 467–471

All PIs were checked for collinearity using a correlation matrix
(Pearson’s r). If the correlation coefficient between any two PIs was
equal to or greater than 0.95, the attribute with the weaker corre-
lation with Score Margin was removed from further analysis.12 A
total of 12 PIs were removed prior to analysis, six PIs due to high
collinearity (Uncontested Possessions relative, Marks uncontested,
Marks uncontested relative, Clearances relative, Turnovers relative,
Frees against relative) and six score-related variables were also
removed as these are considered mathematically related to the out-
come measures and are unlikely to provide insights on how a team
needs to perform to have successful match outcomes (Goal Assists,
Score Assists, Goal Conversion both raw and relative) therefore total
of 97 PIs were available for analysis.

The 16-year database was  arbitrarily partitioned into two equal-
sized time frames. This resulted in three time frames for subsequent
analyses: 2001–2008; 2009–2016; and combined, 2001–2016.
Given the large size of the dataset, feature selection was applied.
This process gave a weight to each PI using four methods; gini index,
gain ratio, information gain and correlation. This process was iter-
ated 100 times and appended to give an averaged weight to each
PI. The feature selection process identified the top 45 most impor-
tant PIs for each time frame and outcome measure, resulting in six
unique datasets.

Data from each time frame was  partitioned into model training
and model testing sets using a 70:30 ratio, in accordance with pub-
lished recommendations.13 Data from the above time frames were
split for model training: 2001–2005; 2009–2013; and 2001–2010
respectively. The remaining years within each time frame was used
for model testing: 2006–2008; 2014–2016; and 2011–2016. Mod-
els for each time frame were trained using 10-fold cross-validation.
Models were tested for each time frame using a bootstrapped with
replacement sampling method, iterated 100 times.14

Decision tree models based on the C4.5 algorithm15 were cre-
ated for each time frame, using Win–Loss and Score Margin as
the outcome measures. Prior to the execution of Score Margin-
based models, a process of discretisation was  implemented to split
Score Margin into four bins with the same number of matches in
each bin. The four bins represent matches with final Score Mar-
gins −∞ to −30.5, −30.5 to 0, 0–30.5, and 30.5 to +∞.  The top 45
selected PIs identified previously were used in decision tree mod-
elling for each time frame and outcome measure. The decision tree
criterion Gini-index was  used to assess model performance, as this
provided the most consistent prediction accuracies. Furthermore,
several parameters were adjusted to optimise the results; pruning
was applied with confidence set to 0.95. The maximal depth of deci-
sion trees was  also limited to five levels to reduce overfitting and
ensure the models remained parsimonious.7

Decision tree models were also created with Metres Gained Rel-
ative used as the outcome measure. Metres Gained is defined as “the
net metres gained with the ball by a player, by running, kicking, or
handballing, combining measures towards attacking goal and away
from defensive goal”.16 Metres Gained relative represents the dif-
ference between metres gained by opposing teams and is expressed
as either a positive or negative value. Metres Gained relative was
discretised into four bins according to the identified benchmark
values in the decision tree model for 2009–2016 (Fig. 1), these bins
included −∞ to −360, −360 to −41.5, −41.5 to 171.5 and 171.5 to
+∞.

Generalised Linear Models (GLMs) were also created for each
time frame for Score Margin in its continuous format. GLMs were
chosen as they can be considered a partially interpretable model
that provides a measure of the relative importance of each PI as a

predictor of Score Margin. Rapidminer Studio (Rapidminer Studio.
Version 7.6.001. Dortmund, North Rhine-Westphalia, Germany)
was utilised for the feature selection process, decision tree models
and GLMs.
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Fig. 1. A decision tree that predicts match Win–Loss for the 2009–2016 seasons. Nodes th
branches  represent the benchmark values of the performance indicator above them. The h
(i.e.  matches) in each path.

Table 1
Decision tree model prediction accuracies for each time frame and outcome mea-
sure. Prediction of Score Margin was  based on four score margin categories.

Time frame Prediction accuracy

Win–Loss Score margin

2001–2008 83.5% 64.4%
2009–2016 88.4% 70.3%
2001–2016 88.9% 69.7%
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els for 2009–2016 and 2001–2016 outperformed the 2001–2008
model. This could be attributable to the increased range of PIs mea-
. Results

The decision tree models achieved higher prediction accura-
ies for Win–Loss than for Score Margin (Table 1). Furthermore,
he models for 2001–2016 and 2009–2016 were approximately 5%

ore accurate than for 2001–2008, for both outcome measures.
The decision tree that predicts whether a match outcome was

in–Loss during 2009–2016, branches first on the PI, Metres
ained relative (Fig. 1), which indicates the importance of this PI

n this time frame. Consequently, a decision tree that predicts the
alue of Metres Gained relative was created (Fig. 2). The PIs that
eature prominently in the decision tree that predicts match out-
ome also include; Turnovers Forced score relative, Inside 50s Per
hot relative and Time in Possession.

The decision tree model that predicts the value of Metres Gained
elative, infers that Time in Possession, Inside 50s, Inside 50s Per
hot and Turnovers Forced Score, all in their relative form, are the
ost important factors in obtaining higher values of Metres Gained

elative. This model achieved a prediction accuracy of 67.4%. Both
ecision trees illustrate a variety of combinations of PI values that
ere associated with winning and losing matches in AF. These com-

inations are represented via the different pathways through the
ecision tree/s. Importantly, the thickness of the lines that join any
air of nodes, represent the proportion of matches that exist on that
ranch of the tree.

GLMs were also created to predict Score Margin in each time
rame and the prediction accuracies are similar for each time frame
ut are higher than the decision tree prediction accuracies. The
oot mean squared error of predicted Score Margin for 2001–2008
as 7.0 points, 2009–2016 was 6.8 points and 2001–2016 was

.4 points. When these Score Margins were converted to simple
in–Loss outcomes, the prediction accuracies were 95.1, 94.5, and

3.1% respectively. The GLMs provided coefficients for the PIs that
eflect their relative importance in the prediction of Score Mar-
in. The most important PIs were relatively consistent between the
ime frames and these were; Inside 50s Per Shot, Inside 50s, and

ebound 50s, each in their relative form. (See online Supplementary
aterials for ranked PIs and their coefficients).
at are labelled “W”  represent a win and “L” is for loss. The numerical values on the
eight of the coloured bars in each terminal node represent the number of examples

4. Discussion

Our findings indicate that using a wider range of PIs can improve
model accuracy for predicting AFL match outcomes. The results
also confirm the importance of specific PIs with respect to win-
ning matches, and they also demonstrate the importance of ‘new’
PIs that have not previously been analysed. The GLMs also provide
an indication of the relative importance of PIs with respect to Score
Margin at the end of a match. This, in turn, highlights the most
important PIs that may  be worth monitoring for the purposes of
tracking team performance during matches.

The performance of decision tree models for each time
frame and outcome measure achieved prediction accuracies
between 64.4–88.9%. Specifically, the Win–Loss prediction accura-
cies (83.5–88.9%) were as high as another type of decision tree used
in previous relevant work.7 Our modelling indicates that the most
important PIs were the relative forms of Inside 50s Per Shot, Inside
50s, Rebound 50s and Metres Gained. In their raw (absolute) form,
Intercepts, Disposals and Turnovers were also important predictors
of match outcome. These findings are in agreement with previous
work,6,7 who have identified the same or similar PIs as being most
closely related to match outcomes. There were also several addi-
tional PIs that we identified as being of importance that have not
previously been analysed, including Metres Gained relative, Time in
Possession relative and Turnovers Forced Score relative. These PIs
appear to be important in our analysis, this may  simply be because
they were not available for analysis by previous authors.

The decision tree models indicated Meters Gained relative was
an important predictor of match outcome. As this PI is not a player
action per se, but it is the outcome of player actions. Coaches could
implement game tactics that focus on maximising Metres Gained
for their team, whilst minimising them for opposition teams. We
felt that it was prudent to investigate the PIs that predict the value
of Meters Gained relative, and these included, Time in Possession,
Inside 50s relative, Turnovers Forced Score, Inside 50s Per Shot and
Rebound 50s. When both models are combined, they provide the
opportunity to identify the key PIs (KPIs) values that are associated
with winning a match and gaining metres with ball possession.
They also provide an indication of the values of these KPIs that
could be set as targets for teams to achieve.

Previous authors6,7,9 have suggested models that use Score Mar-
gin may  provide additional insights beyond specifying simplistic
outcome measures, such as the binary Win–Loss variable. The
results from the Score Margin decision tree models were promis-
ing, with performance accuracies ranging from 64.4 to 70.3%,
although these were less accurate than Win–Loss models. Mod-
sured as time progressed through each time frame.
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ig. 2. A decision tree that predicts the value of Metres Gained relative for the 200
f  the performance indicator above them. The height of the coloured bars in each te

The application of GLMs to predict Score Margin proved to
e worthwhile, as they achieved prediction accuracies that were
igher than the decision tree models. Previously, generalised linear
odelling has been applied in rugby17 although these authors did

ot report the accuracy of Score Margin prediction. Unlike decision
ree models, GLMs do not uncover the interrelatedness of PIs, nor
o they identify benchmark values of PIs associated with different
utcomes. The GLM-ranked PI list (see Supplementary materials)
resents an alternative approach to modelling. We  recommend

nterpreting these results in combination with the decision tree
odels to provide additional evidence of the KPIs important to
atch outcomes in AF. The relationships between PIs and Score
argin were very similar but not the same, in each time frame.

t could be speculated that the relationship has changed between
ime frames due to a change in the typical PI values a team achieves
hen winning a match. Furthermore, this may  provide additional

vidence regarding the importance of modelling match outcomes
n AF by time frames.

In general, the models in the present work achieved prediction
ccuracies that were as high or higher than achieved in previ-
us reports.7 In addition, these accuracies apply to longer time
rames (3–6 seasons) than have been used in previous reports and
herefore may  be more reliable. The relatively high accuracies we
chieved over longer time frames (seasons) may  be due to several
easons. The increased number of PIs may  have captured a wider
ange of playing characteristics, which improved the opportunity
o model match outcome. The additional seasons of data may  also
ave provided a better opportunity to train our models. Finally, the

nclusion of PIs in their relative form was valuable as they tended
o have a greater importance than in their raw form, which is con-
istent with previous work.7

This work presents the analysis of the largest database of PIs
rom AF that has been published to date. However, there are more
Is available that have not yet been analysed and these may  pro-
ide further insights about performance in AF. This limitation of our
tudy may  be overcome in subsequent analyses that reveal further
nsights about performance that were not captured in this work. It
s also acknowledged there are several approaches to identify and
hen reduce the number of PIs that are used for analysis. Previous
ork18–20 has used factor analysis (Principal components) to anal-

se match-related statistics in soccer and future work in AF may
enefit from this approach. The 16-year timespan of our database
equired us to consider the possibility that the style of play may
ave changed over time, as has been seen previously.21 We  felt
hat we could not use the time frames reported elsewhere21 as they
ere too short for the modelling we have done and our database

ncluded additional PIs that may  have led to the identification of dif-
erent time frames. Furthermore, given that there may  be changes

n this sport in the future (e.g., rules changes), the PIs that we  have
dentified as being important and the accuracy of our models may
hange in the future.
6 seasons. The numerical values on the branches represent the benchmark values
l node represent the number of examples (i.e. matches) in each path.

5. Conclusions

This work identified a set of PIs in AF that are most closely related
to match outcome. Many of the PIs we  identified are similar to pre-
vious reports, but we  also identify new PIs such as Metres Gained.
The decision tree models also indicate KPIs and the values of these
KPIs that can be targeted by coaches and teams. The accuracy of our
models is as high and higher than in previous reports, which under-
scores the value of conducting an analysis using a larger database
with a wider range of PIs. There is evidence to suggest that the
relationship between PIs and match outcome in AF has changed
between time frames, indicating that longitudinal changes in the
nature of AF have occurred. It was also found that relative form of
PIs is more valuable than the absolute PIs. It may  prove to be advan-
tageous for the current results from the decision tree and GLMs to
be interpreted in combination. Our methodology and findings can
be used by analysts and coaches to inform decisions about playing
strategy before and during a match. Furthermore, the methodolo-
gies we  used could be applied to other similar sports to provide
novel insights about performance.

Practical implications

• Decision tree models and Generalised Linear Models are capable
of identifying how the characteristics of performance in a match
relate to the outcome of a match.

• The analysis of a wider range of PIs over a longer period of time
enables improvements in the accuracy of models of match out-
come.

• Our models of match outcome in AF confirm the importance of
Intercepts, Disposals and Turnovers, and identify the importance
of PIs such as Metres Gained and Time in Possession.
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