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Preface

This thesis is for the Degree of Philosophy and is in the format of conventional thesis. The
thesis abides by ‘Procedures for Presentation and Submission of Thesis for Higher Degrees —

University of Technology, Sydney; Policies and Direction of the University’.

The research design and data collection by the candidate has resulted in four manuscripts
being published in peer-reviewed journals and one manuscript under review. The thesis
begins with an introduction to provide a background to the research and the research
problem, followed by the purpose and significance of each study and their integration with
one another. This is followed by a literature review which provides an overview of how
complex systems operate in team sports, the characteristics that relate to team sport and how
this framework relates to enhancing our understanding of behaviour in Australian football.
Each study that follows is presented in manuscript form as submitted to and accepted for
publication in peer-reviewed journals. The manuscripts include an abstract, introduction,
methods, results, discussion, conclusion and references. Figures and tables appear in the
thesis within each manuscript as they appear in publication. Following the final study of the
thesis, a general discussion chapter is presented, reviewing and integrating the main findings
of the thesis into current literature and presenting an adapted framework, with due
consideration of the limitations of the thesis. The final chapter provides a summary of the
contribution of the thesis and directions for future research. The University of Technology
Sydney (Harvard) referencing style is used throughout this thesis, with a list of references

provided in Chapter 11.
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Thesis Abstract

Australian football (AF) is a dynamic and complex team evasion sport, which demands high
levels of team and individual skilfulness. From an ecological dynamics perspective, AF
performance is a complex system characterised by dynamic interactions between the players
and the environment. These interactions provide collective opportunities for action through
shared affordances and consequently, players’ decisions and actions are influenced by many
different sources of information. Coaches’ manipulate and implement different activities in
practice, attempting to change or reinforce certain behaviours and to ultimately have this
behaviour transfer to match-play. In practice, coaches’ typically rely on experiential knowledge
(intuition, ‘gut feel’) to design practice, typically without using empirical information. There
has been little evidence supporting the use of objective data to aid decision making systems for
practice design in AF and therefore the sequence of studies presented in this thesis aimed to

provide insights into this important area of inquiry.

Study One revealed that coaches’ changed the frequency of practice types across pre- and in-
season, in addition to the duration of the practice type activity. Furthermore, coaches’
implemented more training-form activities during pre-season than in-season. Study Two
demonstrated that feedback intervention frequency and practice time along with the interaction
between both were associated with the amount of augmented feedback provided by coaches’,
explaining 65% of the variance. Study Three explored the factors and constraints explaining
Connectedness, a particular cooperative passing network variable associated with successful
AF performance. The results demonstrated that the time in the small-sided game (SSGs)
activity and the number of shots at goal explained 65% of the variance in Connectedness scores.
These findings provide possible applications about how constraints can be manipulated to elicit
favourable cooperative behaviours. Study Four showed goals were scored more frequently with
less passing actions per minute during match simulation than during competitive games.
Furthermore, the receiving and distributing passing networks during simulations were more
centralised (reliance on fewer key individuals), with less turnovers and tackles per minute
compared to match-play. Such differences have implications on skill transfer to competitive
environments. Study Five investigated individual level changes in individual and integrative
levels of behaviour across six conditions (SSGs, match simulation and AFL match-play),
suggesting no or negligible changes for integrative measures across changes in condition.

Individual level behaviours demonstrated varied responses across changing conditions.



Overall, the findings of this thesis can enhance current practice design in team sport settings

and guide future empirical research.
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Chapter 1 | Introduction
Background

Performance in team sport is underpinned by the players’ and team interacting with their
environment (Davids et al., 2003). Here, the environment helps shape decisions and actions
made by the performers. For example, a soccer player may recognise an opposition player in
dangerous space near the goals and come off their opposition player to defend the other player.
In response, a teammate may then identify this occurring and subsequently cover the previous
defender’s opposition player. The players’ must dynamically interact to achieve a common task
goal of preventing the opposition team scoring. As a result, the changes in information in the
players’ environment influence the actions players make. These behaviours can be considered
in light of the Ecological Dynamics (ED) framework. ED is an established multidisciplinary
framework that integrates perspectives and insight from dynamical systems theory (Clark,
1995; Kugler et al., 1980) and ecological psychology (Gibson, 1979). The integration of these
two theories assists practitioners and researchers in sport to explain how coordinated behaviour
in players and teams emerges as a result of the performer-environment relationship. As such,
the ED approach presents as an interesting avenue to observe, explain and develop collective

behaviour in sport (Duarte et al., 2013).

In team sport, ED shows that the perception of relevant information helps players self-organise
into functional coordinative patterns that aim to overcome the opposition (Davids et al., 2003;
Pinder et al., 2011). However, whilst competition is a valuable source of learning and
development, coaches’ manipulate the practice environment in attempts to optimise match day
performances by the players’ and team. Here, ED forms the foundation of several coaching and
pedagogical approaches, such as the constraints-led approach, where characteristics of the
individual, environment and task interact and are altered to elicit functional coordinated
behaviour (Davids et al., 2008; Handford et al., 1997). The constraints-led approach is a
practical method to implement the ED framework into practice design. According to the
constraints-led approach, skilled behaviour emerges through the interaction of individual,
environmental and task constraints (Clark, 1995; Newell, 1986). Here, coaches’ aim to design
practice environments that represent competition and enhance the transfer of skill. The transfer
of skill likely comes from the similarity of information between practice and competition that
the players’ and teams use to make decisions. This has been termed ‘representative learning

design’.



Representative learning design emphasises action fidelity, i.e., maintaining the relationship
between actions in competition and emulating that in practice environments, and functionality
1.e., the information to make decisions is similar between competition and practice (Pinder et
al., 2011). To help optimise action fidelity and functionality, coaches’ and practitioners’ should
aim to manipulate constraints that sample the constraints players’ and team interact with during
competition. For example, a coach can make the field size smaller to increase the amount of
defensive pressure on players’ passing in an association football small-sided game. Here,
differences in constraints between practice and competition may compromise skill transfer and
affect the players’ and team’s ability to perform behaviours acquired during practice to
competition. For example, Greenwood and colleagues (2016) investigated the impact the
presence of an umpire has on cricket bowling run-up patterns. These authors demonstrated that
action fidelity is impacted when key ecological constraints are omitted such as an umpire,
creating non-representative practice conditions. Thus, it is important that the constraints
sampled during practice represent competition. Whilst Greenwood and colleagues (2016)
demonstrate how omitting key constraints impact behaviour, recent research has investigated
how movement patterns can be improved by using the constraints-led approach. For example,
Verhoeff and colleagues (2020) provide exercises to improve key components of the power
clean (weightlifting movement). Specifically, they detail an analysis of areas that performers’
may make mistakes in and how constraints can be implemented for the performers’ to find their
own solution i.e. self-organise into an effective solution. Moreover, two training methods, one
designed to encourage self-organisation (differential learning and the constraints-led approach)
and the other being a traditional prescriptive instructional approach, were compared when
aiming to optimise baseball batting performance (Gray, 2020). The author determined the self-
organisation methods and in particular, the constraints-led approach, showed greater
improvements in post-tests as well as retention tests one month later (Gray, 2020). Here, the
constraints-led approach is considered as a “guided” exploration of movement solutions to the
constraints presented to the performer. Thus, it is important to note how the omission or
inclusion of constraints can help encourage targeted behaviours and how a carefully designed

practice environment can enhance skill transfer to competition.

Australian Football (AF) is an intense, intermittent team sport where players’ require physical
prowess along with high levels of skilfulness (Gray & Jenkins, 2010; Johnston et al., 2018).

Players’ within teams must cooperate effectively to use a variety of tactical strategies to score



points and prevent the opposition from scoring points (Alexander et al., 2021). The tactics for
each team will differ depending on player availability, coaching philosophy, the opposition
team and contextual factors, such as the match venue or the weather. Within competitive AF
matches, players’ and teams’ perceive (shared) opportunities for action which guide decision-
making and subsequent action (Sheehan et al., 2021). Here, relevant sources of information
help players’ and teams’ elicit functional states of behaviour to help achieve the task goal(s).
Subsequently, the challenge for coaches’ and practitioners’ is the process of emulating these
key sources of information that guide action in matches, to the design of effective practice
environments. One potential method to measure and monitor whether this is occurring during
practice is to rely on the foundational principles outlined in the constraints-led approach, such
as using an interaction of constraints to influence skilled behaviour, coupling perception with
action to maintain key informational sources and acknowledging the complex systems
characteristics exhibited by sports teams, to name a few. For example, Brown and colleagues
(2020) identified that the frequency and interaction of constraints during AF practice differs
considerably to Australian Football League (AFL) matches. Specifically, the time in possession
of the ball was larger in practice and the pressure players were influenced by when disposing
possession was substantially lower in practice compared to competitive matches. Whilst
representative learning design advocates for practice to continually emulate the constraints
players’ and teams’ interact with during competition to help optimise skill transfer, further
research is required to assess what coaches’ currently implement in relation to skill acquisition
literature. Furthermore, the practice environments implemented by coaches are typically
designed on intuition, ‘gut feel’ and prior playing experience, but not on the results of empirical
study (Greenwood et al., 2012; Lyle & Cushion, 2010). Consequently, the addition of empirical
knowledge and objective data can help compliment the experiential knowledge the coaches’

POSSESS.

Currently, skill acquisition research in AF is limited. A structured empirical investigation into
practice design, which integrates experiential knowledge from coaches, would benefit skill
acquisition outcomes and provide unique insight into skill acquisition in team sport and AF
specifically. Moreover, using the constraints-led approach in addition to an integration of skill
and tactical measures would help increase the efficacy of practice by enhancing its
representativeness to competitive matchplay and increasing the awareness of where levels of
representativeness may be lower in specific practice activities. Indeed, the most beneficial

approach to improving skill acquisition outcomes is to integrate experiential and empirical



knowledge together (Renshaw et al., 2019; Woods et al., 2021), which is the ultimate aim of
this thesis.

Research Question

Despite recent research focussing on how constraints influence player behaviour in AF, there
are few studies conducting skill acquisition research monitoring player behaviours as a result
of coach manipulations made to practice environments in situ. Currently, the available research
has provided a broad understanding of ED principles and how they relate to gameplay in AF.
Moreover, research has provided recommendations on how specific constraints such as time in
possession or the type of pressure encountered when disposing the ball, may be manipulated to
improve representative learning design (Browne et al., 2019; Browne et al., 2020; Teune et al.,
2021). Whilst these studies provide a greater knowledge on how constraints influence player
behaviours during practice and competitive matches, there is limited evidence observing and
capturing the naturalistic behaviour of coaches’ in relation to practice design using the
constraints-led approach. Furthermore, measuring and integrating the behaviour of players’ and
teams’ in response to manipulations in constraints can help identify whether such
manipulations are beneficial for team behaviour in comparison to competitive matches. To
date, no research has investigated how interacting constraints influence individual player and

collective team behaviour.

Contemporary research has also compared interacting constraints within different activities
during practice (Browne et al., 2020). These comparisons help inform practice design and help
identify which activities are more or less representative of AFL matches. Whilst these studies
have assessed interacting constraints when player’s dispose of the ball, there has been no
integration of collective team level comparisons between practice activities and competitive
matches. Research into this area would help provide a detailed insight into what team measures
differ between practice and competition and how coaches’ may be able to use the constraints-
led approach to manipulate practice to optimise its representativeness. Collectively, this thesis
aims to address these questions and provide thorough empirical research to help inform the

coaches knowledge in professional AF.

Consequently, the generation of five research questions sought to address the aims of this

thesis. The research questions asked were:



1) How do coaches currently design practice across a season and what value do they place
on different practice types?

2) Which factors explain the duration of augmented feedback coaches provide to the team
during practice?

3) Which factors can coaches manipulate during practice using the constraints-led
approach to influence favourable collective tactical behaviour metrics?

4) Which differences exist (if any) between the most representative form of practice i.e.
match simulation, and competitive Australian Football League matches?

5) In which way do professional Australian football players change their cooperative and

individual behaviours when space per player (m?) is manipulated during practice?

Research Objectives

A series of studies have been conducted to address these research questions. Study One
investigated the value coaches’ place on certain practice types and activity forms by observing
changes in practice throughout a full AFL season. Study Two examined how often coaches’
provide augmented feedback during different practice types and activity forms. As such, Study
One and Study Two provide a status quo in terms of coaches’ implementations of practice
design and augmented feedback. Study Three monitored the changes in constraints coaches’
manipulate within one small-sided game and assesses the subsequent tactical behaviours
exhibited by the team. The findings of Study Three helped provide tangible constraints that
coaches’ can manipulate to elicit higher or lower cooperative passing network values
(specifically, network connectedness). Study Four assessed the difference between match
simulation and competitive AFL matches across tactical passing network metrics, skill metrics
and task constraints. The findings of Study Four provided insight into the differences between
the ‘most’ representative practice activity i.e., match simulation, and competitive matches, and
across a range of variables. Coaches and practitioners can use the results from Study Four to
understand the value of match simulation and to aid the near skill transfer from match
simulation to competition. Study Five investigated individual and integrative levels of
behaviour under varying task constraints and demands. The results of Study Five indicated no
or negligible changes to integrative level measures and varying responses across conditions for
individual level behaviours. These findings highlight the (in)stability of individual and

integrative level behaviours across changing constraints. Coaches’ may use these results to help



guide practice design in Australian football. A schematic representation of the thesis is

represented in Figure 1.1.1.



Study 1: How does practice
change across the season?
A descriptive study of the

training structures and
practice activities
implemented by a
professional Australian
football team

Study One and Two will will provide a foundation
to understand how coaches currently implement
practice types and activity form over an AFL
season. These studies were important to help
synthesise what is currently being done in real-
world, which helped navigate and prioritise future
investigations that were developed in conjunction
with key practitioners in the organisation.

Study 2: A descriptive and
exploratory study of factors
contributing to augmented
feedback duration in
professional Australian
football practice

Study 3: Factors associated
with cooperative network
connectedness in
professional Australian
football practice

Figure 1.1.1: Schematic representation of the thesis.

Study 4: Match simulation
practice may not represent
competitive match play in
professional Australian
football

Study Three will monitor the changes in team passing network
behaviours using the constraints-led approach.

The findings of Study Three will help provide tangible constraints
that coaches can manipulate to elicit higher or lower cooperative
passing network values (specifically, Connectedness).

Study Four will compare match simulation and competitive AFL
matches across tactical passing network metrics, skill metrics and
task constraints. The findings of Study Four will highlight the
differences between the ‘most’ representative practice activity
i.e., match simulation, and competitive matches, and across a
range of variables.

These studies will assist practitioners understand the value of
manipulating specific constraints in addition to the value of match
simulation for specific behaviours exhibited by the team.

Study 5: An observational
study of player behaviours

constraints in professional
Australian football players

Study Five is concerned with how

integrative and individual level behaviours
change across changing conditions and task
demands. The findings from Study Five will
assist practitioners measuring the (in)stability

under varying task of individual and integrative level

behaviours. These findings will help

task demands.

practitioners examine player behavioural
responses across changing constraints and



Study One — How does practice change across the season? A descriptive study of the
training structures and practice activities implemented by a professional Australian

football team

Purpose: To examine how coaches’ implement different practice types and activity forms over
a full AFL season and subsequently show that engagement in different practice types can be

objectively monitored to provide valuable information about practice design.

Significance: This observational study established how coaches’ currently value different types
of practice across the season and whether this changes across pre- and in-season periods.
Specifically, the study quantified the exposure (time and frequency) to certain types of practice.
The findings will help provide insight on how coaches’ design practice and will help to guide

future investigative research within the organisation.

Study Two — A descriptive and exploratory study of factors contributing to augmented

feedback duration in professional Australian football practice

Purpose: To explore which factors are associated with the terminal augmented feedback

coaches’ provide during practice to the whole team.

Significance: Research has yet to investigate the factors that contribute to augmented feedback
coaches’ provide. Whilst intuition suggests coaches implement feedback based on factors such
as the practice type, time of season, the duration of the practice activity, to name a few, no
evidence exists to create informed strategies. This exploratory study assessed the factors which

contribute to augmented feedback to help optimise its delivery during practice.

Study Three — Factors associated with cooperative network connectedness in professional
Australian football practice

Purpose: Using the constraints-led approach, Study Three aimed to investigate which
constraints influence the cooperative passing network metric “Connectedness”. Previous
research has suggested higher Connectedness scores show a strong relationship with winning
competitive AFL matches. Thus, team passing behaviours were observed during a commonly
implemented small-sided game over the course of one AFL season and subsequently analysed

to examine team cooperation.



Significance: Constraints such as space per player (m?), field length and width, player numbers
and time in the practice activity were used in the exploratory analyses. These findings assisted
with the establishment of metrics that coaches’ and practitioners’ can manipulate, using the
constraints-led approach, to enhance Connectedness scores. Additionally, these results can

assist performance analysts when notating specific metrics during practice activities.

Study Four — Match simulation practice may not represent competitive match play in
professional Australian football

Purpose: To evaluate the similarity of match simulation in practice to competitive AFL
matches. The analyses aimed to assess whether match simulation adequately samples the task

constraints, skill and tactical behaviours of competition.

Significance: Whilst existing research has commenced the assessment of the differences
between match simulation and competitive matches, this study extends on previous
investigations by incorporating cooperative passing network metrics and collective skill
metrics in the analyses. This study aids in the understanding of whether match simulation
effectively samples both individual and cooperative behaviours observed in competitive

matches. These results will have implications for practice design in team sport.

Study Five — An observational study of player behaviours under varying task
constraints in professional Australian football players

Purpose: Skilled behaviour can be considered as the ability to perform skills under a variety of
constraints. This study will examine how individual skill behaviours are different between six
different game conditions (small-sided games, match simulation and competitive AFL
matches). This study aims to examine the degree to which players adapt individual and
cooperative behaviour to changes in task constraints across commonly used small-sided games,

match simulation practices and competitive games.

Significance: The findings from this study can be used to provide coaches’ insights into how
their practice design could elicit certain particular player behaviours. Moreover, the results will
help coaches, performance analysts and sport scientists monitor how individual and integrative
levels of behaviour in individuals change as a result of task constraint manipulations to space
per player and game type. This study will help consolidate a combination of experiential and

empirical knowledge to guide practice design in AF using the constraints-led approach.



Limitations and delimitations

Whilst this thesis was embedded within a professional Australian football team and hence
provides valuable insights into the practices and behaviours of expert coaches and players,
some limitations must be considered. Only one professional AF team was analysed. Thus,
limitations such as the coaching group, the calibre of the team studied and injuries within the
team, to name a few, must be considered when interpreting the results. This also means that
results obtained in this thesis cannot necessarily be generalised to other AFL teams or AFL
players and coaches as a whole. Furthermore, given the practical constraints involved with
practice observations, there was only one coder observing and notating practice. Whilst this
researcher has over 300 hours experience and there were high-levels of agreement using intra-
class correlation coefficients between washout periods when coding, this must be considered.
Lastly, injuries in team sport are prevalent and must be considered in this thesis. Subsequent
injuries may lead to players missing training sessions, specific activities or competitive
matches, leading to data inconsistencies. The statistical approaches used mitigate some of the
concerns with missing data, but it is important readers consider the implications of these

limitations.

There are also some delimitations of the thesis to be considered. Firstly, the data was collected
and analysed within a professional AFL team. Subsequently, this cohort may be classified as
an expert sample within Australian football. Secondly, Australian football is an evasive and
dynamic team sport with similarities to other team sports such as association football, hockey
and basketball, to name a few. As such, there may be methods and findings from this thesis
that apply to other team sports, even when findings in the sample used in this study cannot be
generalized. Lastly, the thesis was directly linked and related to skill acquisition concepts
whilst also integrating input from professional coaches. This strongly reflects the contemporary
practices of skill acquisition specialists and performance analysts embedded within
professional sport and makes the findings from this research thesis particularly relevant to

them.
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Summary

The studies in this thesis aim to provide an evaluation of how coaches’ currently prescribe
practice and how the constraints-led approach is used in professional AFL. Furthermore, this
thesis aims to provide insight into the practice activities coaches value over a season, how
constraints may influence collective behaviour metrics and how practice design can be
evaluated from individual and integrative behaviour measures. The naturalistic approach used
to collect data throughout this thesis ensures that the relevant questions being asked by the
industry are approached with an empirical lens. Collectively, these studies offer enhanced
understanding into how analysts, coaches and researchers can integrate experiential and
empirical knowledge into practice design in team sport. Future research questions are presented

and discussed.
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Chapter 2 | Literature Review

2.0 Overview

The following chapter provides an overview of research on skilled behaviour in team sport.
The first section comprises a narrative review that examines the Ecological Dynamics (ED)
framework, its components (ecological psychology and dynamical systems theory) and how it
applies to the study of team sport performance. The review then outlines how coaches’ and
practitioners’ may use a pedagogical approach based on the ED framework, the constraints-led
approach, to help facilitate how players’ and teams’ learn and develop skilled behaviour in
team sport. The review evolves into a discussion on representative learning design using the
constraints-led approach and what implications this approach has for coaches’, practitioners’
who work closely with coaches such as skill acquisition specialists, performance analysts and
sports scientists. Next, the review applies principles and characteristics of ecological dynamics
to Australian football (AF), a team sport characterised by high levels of complexity and skilled
behaviour. Lastly, the review outlines how the constraints-led approach may be used to help
inform practice design in Australian football. A summary with implications and current
research problems is then presented and discussed. The purpose of the narrative review was to
provide an overview of ecological dynamics and how it relates to practice design in team sport,
and in particular, AF. The aim was to provide information on practice design, and in particular,
representative learning design and ecological dynamics. Current evidence in AF research is

then presented and future avenues for research are outlined.

2.1 Theoretical bases of skilled behaviour in team sport

Within team sport, players on the same team form a unique and dynamic interaction to achieve
a common outcome and/or task goal (Silva, Garganta, Aratijo, Davids & Aguiar, 2013). For
example, members’ of a football team exert defensive pressure as a cohesive unit, in order to
prevent the opposition team from scoring. The ability to coordinate and behave synergistically
with teammates is of paramount importance to a team’s success (Silva et al., 2013). However,
team behaviour is a complex phenomenon, influenced by a myriad of factors such as the team’s
experience and expertise, the contextual circumstances and the task goal, and therefore its
conceptualisation is not well understood in the research literature. Research has attempted to

further the understanding of the complexities of collective behaviour in sport, particularly by
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investigating how members of sports teams coordinate their actions to achieve a common goal

(Ometto et al., 2018).

Traditionally, understanding team coordination involved the idea of group cognition, which
was based on shared, internalised knowledge among all team members (Silva et al., 2013). This
idea premised the team having a mental representation responsible for regulating their in-game
behaviour (Silva et al. 2013). This was founded on information processing theory (IPT), a
theory influenced by computer processing analogies that coincided with rapid advancements
in technological capacities. In IPT, the role of central structures in movement control are
modelled on electronic and mechanical storage devices to represent how information is
represented in the Central Nervous System (CNS). According to IPTs, movement control is a
result of the performer moving through discrete cognitive stages that involve perception,
information processing and movement execution (Keele and Posner, 1968; Schmidt and
Wrisberg, 2000). As such, IPT emphasises the role played by the CNS to produce consistent
and reliable movements. However, these theories can be criticised on the basis that the storage
and processing capacities of the CNS are limited, and therefore the exclusive use of IPT to
understand the vast complexities related to interacting with dynamic environments is
questionable. Indeed, Clark (1995) emphasises that the reliance purely on stored and retrieved
representations of behaviour in humans’ is not a feasible explanation for the way humans’
interact with their environments using motor skills, due to the complexity of the organism and
the dynamic nature of performance environments. For example, it is unlikely that an individual
acts in a ‘what if’ fashion when counterattacking, where the perception of an opposition
player’s position, the processing of that information, and the execution of a counterattack are
solely the result of a mental representation. After all, successful sports athletes are adaptable,
and likely possess the ability to perceive an opposition player’s position before transitioning
into a counterattack, while minimising the amount of cognitive processing required under the

immense time pressures related to competition.

There are, however, alternative views that help explain the complexities of collective behaviour
in sports teams, which do not overemphasise shared memory representations. For example, a
team’s behaviours can be considered from an ED perspective. This theoretical framework
borrows concepts from the Brunswikian (Brunswik, 1952; 1956) or Gibsonian (Gibson, 1979)
view of ecological psychology (i.e. the study of the interdependencies of humans and their

environment) and dynamical systems theory’s perspectives on how humans’ solve vastly
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complex degrees of freedom problems (Bernstein, 1967) by exploiting the self-organisational
tendencies of the human body when adapting our coordination patterns to changing
environmental circumstances (Kelso 1981, 1984; Newell, 1986; among many others). Given
the dynamic and ever-changing nature in which athletes perceive and act, and that athletes
themselves are but agents acting independently as members of a collective unit in sports teams,
the ED approach has been presented as an interesting avenue to observe, explain and develop
collective behaviour in sport (Duarte et al., 2013). The unique and unifying contributions from
ecological psychology and dynamical systems theory within the ED framework provides a
basis for the understanding of concepts such as non-linearity, self-organisation, attractors and
stability, self-emergent behaviour, perception-action coupling, affordances and interacting
constraints within the confines of team sport (Clark 1995; Davids, Button & Bennett 2008). As
such, this framework will be used throughout this thesis to underpin the measurement and
development of collective behaviour by emphasising the emergence of coordinative, patterned

relationships between and within performers in team sports.

2.2 The Ecological Dynamics framework applied to team sport

The ED framework is predicated on the relationship between the individual and their
environment and has the potential to better explain behaviour in team sport compared to
traditional theories that neglect principles of human behaviour. Within these principles, there
are many concepts, both from dynamical systems theory (e.g. self-organisation) and ecological
psychology (e.g. direct perception), that help explain how and why human behaviour in team
sport occurs. It then becomes relevant because it allows practitioners’ to explain how
individuals within teams, and teams themselves act with such expertise, even though their
behaviours are potentially influenced by an enormous number of factors. This review will
attempt to explain how these concepts are applicable for assessing team sport training and how

it relates to developing expertise in team sport.

From the dynamical systems perspective, a sports team exhibits coordination and control
tendencies, aimed at efficiently achieving a task goal. For example, basketball teams use
attacking and defensive strategies, with players in different field positions executing
predetermined offensive or defensive roles, in order to outscore their opponent. Each performer
is a complex neurobiological system that can be considered an independent but interacting

degree of freedom, acting within a larger system (i.e. the team unit). Bernstein (1967) proposed
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this idea of degrees of freedom to capture the complexity of human movement. After all, from
the day humans are born we are accustomed to acquiring motor skills that are refined over a
lifetime to allow efficient and coordinated action when moving about in our environments.
However, Bernstein was concerned with how humans’ achieve such levels of control when
interacting with their environment, despite the vast complexity or degrees of freedom involved
in regulating movement. For example, the human body consists of several hundreds of degrees
of freedom (e.g. joints, muscles etc), which need to be coordinated to produce purposeful
movement, often described as ‘Bernstein’s degrees of freedom problem’. However, through
experience and practice, humans’ develop the ability to form functional and efficient
coordinative linkages, which in turn limit the number of degrees of freedom that need to be
controlled in the production of purposeful action. In other words, humans’ learn to overcome
the complexity related to produce purposeful human motor behaviour by ‘solving the degrees

of freedom problem’.

In team sport, and when taking into account the complexity of coordinated team behaviour,
these same coupled degrees of freedom are formed through player interactions and are
manifested through coordinative structures (e.g. defensive or offensive shape, collective
actions when regaining possession after a turnover, etc.), which can dissipate and emerge due
to the potential for non-linearity in behaviour (Kugler et al., 1980). The emergence and
dissipation of coordinative structures, according to dynamical systems theory, is influenced by
the boundaries in which the system acts. These boundaries are commonly referred to as
constraints (Clark 1995). For example, the strength of an opposition team is a constraint that
influences the emergence of defensive coordinative structures in a soccer team, where stronger
oppositions make a team’s defence sit further back to absorb offensive pressure. Another
example is the size of the field and subsequent space a soccer practice drill takes place in, which
constrains movement behaviours like the type of skills performed (short passes) and running
velocities (high accelerations). Newell (1986) described that not only the acquisition, but the
development of movement skill and behaviour is a result of the complex interaction of three

types of constraints: individual/organismic, task, and environmental (Figure 2.2.1).
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Organismic constraints

Coordination
and
control

Environmental constraints Task constraints

Figure 2.2.1: Newell’s model of interacting constraints (Newell, 1986).

Another crucial concept in dynamical systems theory is self-organisation. Complex systems
that consist of independent and interacting components, like a sports team, are governed by
principles of non-linearity and spontaneous organisation and patterning (Clark 1995). Applied
to sports teams this means that when a team self-organises, it seeks to achieve an efficient and
stable state of coordination (i.e. an attractor state) that can resist external perturbations. For
example, if a turnover occurs in soccer, the defending team will self-organise into a formation
and structure where a goal is difficult to achieve for the opposition. However, if the self-
organised defensive structure is not sufficiently stable, it may be easily perturbed by the
attacking teams' manoeuvres. Therefore, many teams train these defensive structures during
practice, to allow a stable patterned relationship to emerge within the team, which can then be
replicated in the context of competitive play. Specifically, Figure 2.2.2 alludes to this. The
regions in Figure 2.2.2 where this occur is at the bifurcation points (curved lines). For example,
when defenders are slow to react and the space to their nearest teammate is large, the solution
to prevent the opposition from scoring is difficult to organise into (green arrow and circle).
Through specific practice and experience, teams attune to specific information to improve their
organisational solution to a turnover. Therefore, the possible problems and different contexts a
turnover occurs in during match-play are able to be successfully overcome through a stable
defensive structure that is adaptable to different spacings to teammates and different reaction

times to turnovers (blue arrows and circles), preventing the opposition from scoring.

Thus, to create stable attractors as a result of practice, practitioners’ must be aware that there
are numerous potential solutions that can emerge within a team’s structure and patterning. In
order to ‘push’ or ‘nudge’ the behaviour of a team towards a more effective attractor in the
perceptual-motor workspace (i.e. all the potential solutions the team can organise into),

practitioners’ and coaches’ can manipulate control parameters (i.e. constraints that alter the
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behaviour of the system towards a new attractor) which in turn influence the order parameters
(i.e. the systems organisation and behaviour) of the system. This process is described in Figure
2.2.2. In practice, coaches’ may manipulate the task constraints that form the boundaries for
behaviour. For example, they may increase or decrease the defensive pressure on a team during
a modified game by increasing or decreasing the available place per player, in order to
manipulate the attacking and defensive behaviour of each team. For example, minimising the
available space per player within a modified game will likely result in structured defence and
increased contact for the defensive team, while the attacking team will need to move the ball

quickly in order to stretch the defence and create scoring opportunities.

Interestingly, such a system, whose coordinative structures are dynamic, generally needs little
or no explicit direction (e.g. by coaches’) since its organisation is mainly governed by
dynamical systems laws (Kugler et al., 1980). Therefore, through the manipulation of learning
environments, coaches’ manipulate components of the performance environment (i.e. the
interaction of constraints) to implicitly produce skilled behaviour that leads to beneficial

system (re)organisation that transfers to match-play.

Figure 2.2.2: A schematic adapted from Davids and colleagues (2012) depicting the relation of two constraints
forming a control parameter of the system within the teams perceptual-motor landscape. With different
combinations of space to the nearest teammate(s) and reaction time(s) to the turnover, stable solutions emerge and

disappear.

Similar to dynamical systems theory, ecological psychology provides useful concepts related
to collective behaviour in team sport. Ecological psychology details that actions and behaviours

require coordination between a) the organism and its relevant components, and b) the
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environment and the information it provides. For example, Gibson (1979) proposed his theory
of direct perception, in which it was argued that humans’ identify and use invariant sources of
information in their perceptual array by moving about in their environment. As a result, they
can use environmental information as opportunities for action, without the need for substantive
cognitive processing. For example, a player can see that a teammate is in a favourable goal
scoring opportunity and pass to them. This decision may take less than half a second to make.
The concept of direct perception argues that this player did not have to calculate the angle and
velocity of their kick, where they needed to put their ankle in relation to their knee and hip
when they contact the ball etc. The environment provides the player with enough information
to invite this decision without significant cognitive input from the performer (Farrow et al.,
2013). This theory gave way to the concept of perception-action coupling to describe the
concepts related to direct perception (Anson, Elliot & Davids, 2005; Handford et al., 1997).
Gibson’s theory stands in stark contrast to the IPTs discussed earlier, which argues that indirect,
rather than direct perception, where the performer needs to make sense of information before
action on it (i.e. the perception, processing, action cycle) is responsible for perceptual-motor
control. Even though concepts from both theories can be integrated (Anson, Elliott & Davids,
2005), the ecological approach better accounts for the way athletes move about in and interact

with highly dynamic performance environments.

In ecological psychology, the cyclical relationship between perception and action in the system
and the environment it behaves in, also called perception-action or information-movement
coupling is of considerable interest. In this cycle, information can constrain action, and action
can constrain information perception, which ultimately influences system behaviour (Fajen et
al., 2008; Turvey & Shaw, 1999). For example, the tactical instructions from a coach prior to
specific practice activities influences how the team and players’ behave, which in turn
influences the information available to the team that can be acted upon. Previous research has
shown teams’ receiving different instructions (offensive, defensive or no focal points) behaved
differently to one another in association football small-sided games (Batista et al., 2019).
Another reason why concepts derived from ecological psychology apply to team sport is
because of its relationship to open systems (Handford et al., 1997). An open system is one that
describes how neurobiological organisms have variable amounts of energy affecting them,
whilst harnessing their own energy sources (Fajen et al., 2008). This causes energy to
constantly flow in and out of these systems. For example, the collective behaviour of a team of

track cyclists is influenced by perceptual information obtained from feedback from a coach,

18



which in turn forces the cycling team to speed up or slow down by using internal energy sources
stored in the cyclists’ muscles. As such, the cycling team can be considered an open system,
where energy flows freely through the system. Interestingly for those concerned with sports
performance, through practice and experience, an organism learns how to exploit the energy
and information in the environment to guide action (Davids et al., 2003; Fajen et al., 2008).
This exploitation of informational invariants forms the basis of Gibson’s (1979) theory of
affordances. Affordances are information sources in the environment that provide opportunities
for action, through direct perception. This means that by perceiving affordances as invitations
for action, the cognitive processing load on the performer decreases significantly. For example,
a large amount of space between the defensive line and the goal may afford the attacking player
information to run into that space in order to get into a favourable position to score. Once this
gap in the defensive line is perceived, it can be acted upon immediately without requiring much
cognitive reflection. Anecdotal evidence for the direct way in which experts make decisions
exists in correspondence with many coaches and players, who argue they ‘intuitively’ make
decisions, and cannot always verbalise how or why they made these decisions. A particularly
interesting anecdote comes from Malcolm Gladwell (2005, p. 49) about how former expert

tennis player and coach Vic Braden can predict double faults in tennis serves before they occur:

‘Something in the way the tennis players hold themselves, or the way they toss the ball, or the
fluidity of their motion triggers something in his unconscious. He instinctively picks up the
“giss” of a double fault. [...] But here’s the catch: much to Braden’s frustration, he simply
cannot figure out how he knows’ (Gladwell 2005, p. 49).

In team sport, information that regulates collective behaviour is shared (Silva et al., 2013).
These shared affordances invite actions that are performed collectively. For example, highly
trained volleyball teams easily recognise opportunities to attack from the front or back court
based on information gathered from the position of their teammates and the opposition (Afonso
etal., 2012). Whilst information is of course used at an individual level within team sports (e.g.
a goalkeeper may choose to set up a quick counterattack thanks to a highly accurate and
powerful throw upon catching the ball directly from a corner kick), information that can be
used by all players’ as part of the team collectively is crucial for functional coordination
patterns to emerge at a team level. Indeed, a sporting team can be trained to become
perceptually attuned to shared affordances, which strengthens an attractor state within the

teams perceptual-motor workspace. For example, by playing a 6v5 (attack versus defence)
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small-sided game, the defenders are outnumbered and therefore success in this game is
achieved by defending a zone of the field rather than an opposition player. When repeating this
action frequently, defenders’ become attuned to the perceptual information that is available
when using zonal defence, without the need to cognitively overload them with instructions
and/or tactical guidelines. In team sport, common affordances are the positioning of teammates
and opposition and their motion directions, velocities and changes, and location within the field
of play, to name a few (Passos et al., 2008). These shared affordances help stabilise a team’s
collective behaviour in order to help them achieve task goals such as collectively organising
attacking or defending structures (Figure 2.2.2). An effective evaluation of which attractor is
‘more’ optimal introduces the synergistic roles played by skill acquisition and performance

analysis, which will be described later.

Undoubtedly, integrating these concepts from ecological psychology and dynamical systems
theory into something practitioners’ can use to prepare athletes for competition is difficult.
This is further complicated by a lack of understanding around these concepts outside of
academic research and by the lack of academic research on how they are directly related to
improving team performance and behaviours. Therefore, an integrated framework that
combines the application of dynamical systems theory and ecological psychology concepts to
team sport is the constraints-led approach. Although the constraints-led approach is not a novel
approach to skill acquisition, nor is it reserved only for team sports, its application to measure,
understand and train collective behaviour makes it an excellent framework for researchers’ and
practitioners’ interested in collective behaviour of team sports teams and players (Davids,
Araujo, Shuttleworth & Button, 2003; Newell 1986). It is therefore the aim of this thesis to
investigate the fundamental theoretical concepts discussed above whilst providing applications
to team sport practices using the constraints-led approach. Ultimately, this thesis aims to
provide applications for team sport practitioners’, coaches’ and skill acquisition staff members’
on how these concepts can be applied and integrated to design learning environments and
ultimately improve team performance. Each study in this thesis will be discussed considering
key concepts to interpret behaviour in team sport. In summary, Table 2.2.1 describes the main

ED concepts and how they relate to team sport.
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Table 2.2.1: Some central tenets of the Ecological Dynamics framework and how they relate to team sport

Theory

Concepts

Examples

Dynamical
systems theory

Degrees of freedom — independent but
interacting components (players) that form
functional coupling for goal-directed
behaviour (Bernstein, 1967)

Self-organisation — spontaneous periods of
adjustment or adaptation of system
components (Clark, 1995)

Constraints — boundaries or limits placed
upon the system (Newell, 1986)

Non-linearity — changes in behaviour can be
large and non-proportionate to the size of the
change in constraints or the information they
provide (Davids et al., 2012)

Patterns — even though there is complexity
in the system and each component within it,
there is effective pattern formation (and all
the potential solutions within it) (Clark,
1995)

Attractors — behaviours that are stable and
resistant to external perturbations (Handford
et al., 1997)

Players’ on the same team get in positions to
effectively receive possession of the ball
implicitly (i.e. non-verbal sharing of
information)

After a turnover, the opposition will implicitly
self-organise into a defensive structure based
on information on who currently possesses the
ball

Field size, player numbers

A small change in task rules can have a large
change in cooperative network metrics

Teams ability to contract in defence to prevent
the opposition from scoring

Defensive structures that are stable and
effective are less prone to goals against

Ecological
psychology

Perceptual-motor landscape — an available
‘repertoire’ of stable solutions the team can
perform

Perception-action coupling — the cyclical
relationship between perceiving information
and acting on that information (Pinder et al.,
2011)

Shared  affordances — the  shared
opportunities available for the team to utilise
for collective action (Silva et al., 2013)

Being able to score a goal in AF through
multiple passing channels (same outcome but
different process to get there)

Perceiving the opposition utilises their right
foot more and positioning themselves to
prevent effective use of that foot

Within practice, attunement to a shared
affordance (like when the ball is in the teams
attacking half) could consist of opportunities
surrounding how to effectively press up and
reduce the space the opposition can use to exit
effectively

Constraints-led
approach

Newell’s model — details the interaction
between task, individual and environmental
constraints that lead to behaviour (Newell,
1986)

Representative  design —  effectively
recreating similar coupling between
perception and action to those couplings that
exist in the target environment e.g. match-
play (Pinder et al., 2011)

Adaptability — being able to produce
effective and  functional —movement
organisation in different contexts and
situations

A combination of individual (e.g. leg
strength), environmental (e.g. score of the
game or if it is raining) and task (e.g.
effectively pass 40m to a teammate)
constraints affect how the behaviour emerges
and is performed

Reducing the time allowed with possession
before you make a pass in practice, or
increasing the pressure from the opposition
(as you would observe in competitive
matches)

Making an effective pass under different
amounts of pressure and with less time

21



The ED framework provides insight into the behaviour individuals and teams exhibit in relation
to their performance environment. This section has described how ED has important
characteristics, such as direct perception, non-linearity of behaviours, degrees of freedom, to
name a few, that relate and help explain behaviour in team sport. As such, the theoretical
importance of ED is significant. However, to optimise the integration of its key components
and characteristics to understanding and improving behaviour in team sport, a pedagogical
approach is required to help practitioners’ and coaches’ implement these key principles.
Furthermore, empirical research is required to validate the relevance and applicability of
ecological dynamics in team sport. Nonetheless, the constraints-led approach conveys ED
principles in a way coaches’ and practitioners’ can better understand. The next section will
describe the constraints-led approach, followed by its application to practice design in team

sport.

2.3 The constraints-led approach

The constraints-led approach describes how skilled behaviour emerges through the interaction
of three constraints: individual/organismic, environmental and task (Newell 1986; Figure
2.3.1). These three constraints limit, set and/or influence the boundaries the system behaves
within (Clark 1995). The individual constraints refer to those properties embodied in the
person, for example, an individual’s persons height, arm length, decision-making ability,
resilience etc. The environmental constraints involve the physical environment (e.g. humidity,
temperature, rain) and sociocultural environment (e.g. culture and attitude in a room towards
diet). The task constraints refer to the actual task at hand and directly relate to the goal that is
to be achieved (Aratjo et al., 2006). For example, different behaviours emerge when observing
the task of kicking a soccer ball compared to kicking a rugby ball. From an ecological dynamics
perspective, movements and behaviours emerge from the interaction of constraints (Davids et
al., 2003; Handford et al., 1997). In sport for example, a player may be constrained to only
passing to a certain number of players within 30m because their leg strength or kicking
technique does not afford them the action to kick a further distance. In other words, their
behaviour can only exist within the boundaries set by the individual constraint of leg strength
or kicking technique. Conversely, if a field is oval in shape compared to a rectangular field
during practice, the attackers would be constrained by the space available to play in and find it

more difficult to progress the ball forward, whilst the defenders are afforded more opportunity
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to press and force a turnover. The shape and size of the field are considered a task constraint.
It appears that task constraints are the most manipulatable constraints, given their short-term

response outcome (compared to individual constraints), as they directly relate to the desired

outcome.
Organismic
Perception
— Functional coordination
—* pattern selected under
‘/ — constraint
Task . Environmental

Figure 2.3.1: The cyclical relationship between perception and action producing functional behaviours under the

interaction of constraints.

The process that provides purposeful and coordinated action in highly complex systems is
called self-organisation. Self-organisation is a fundamental principle in dynamical systems
where smaller components are governed by dynamical principles to produce organised and
coordinated collective behaviour (Clarke, 1995). Self-organisation is not a random process,
rather a spontaneous process that is also not controlled by an executive entity (previously, [PTs
would suggest an executive entity would control and influence coordinated movement). Under
the influence of specific sets of interacting constraints, the system will find an efficient and
stable state of organisation. Conversely, less functional organisations are disregarded,
resonating a Darwinian process of favouring more useful and relevant behaviours (Davids et
al., 2003). For example, an individual player will possess an effective stable state when
dribbling a soccer ball and beating players in a 3 versus 2 attacker/defender practice drill. In
this context, the interaction of constraints potentially affords him/her more time and space to
beat the opponents leading to reliable and functional behaviours over time (Davids et al., 2012;
Handford et al., 1997). In match-play however, there is much more variability that can affect
the players’ organisation, which can be observed through the increased pressure and subsequent

decrease in time, which affords less space and time. This may lead to dribbling behaviour that
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is perturbed by the defensive pressure and results in a loss of possession. Thus, specific
attention must be paid to the interaction of constraints and how and why specific behaviours

self-organise.

The dynamics of skill acquisition are more accurately considered using the constraints-led
approach. Since individual and collective actions are influenced by the constraints placed on
the system (Aratjo et al., 2015; Clarke, 1995), it is important to understand that practice and
experience under constraints creates a pattern. This pattern can stabilise and become stronger
over time when it is practiced or experienced more and more (Davids et al., 2003; Kugler et
al., 1980). For example, healthy adults, over time, develop a strong coordination pattern for
walking. Conversely, toddlers, who are not afforded the same practice time, possess relatively
weak and vulnerable walking coordination patterns (Clarke, 1995). Nonetheless, both the adult
and toddler are capable of producing a walking pattern. The differentiating aspects are in the
strength and efficiency of those patterns. If the pattern is strong, it can resist perturbations and
variability (e.g. walking across different sized rocks). If the pattern is weak, it generally
indicates that system reorganisation is required to overcome these constraints (i.e. more
specific practice or experience is required). Thus, as behaviours emerge from interacting
constraints, it ensures that changes in a pattern result from changes in one or more constraints

(Clark, 1995).

A strong understanding of constraints can help coaches’ and practitioners’ best enhance the
application of the constraints-led approach as a pedagogical coaching approach, where (an
interaction of) constraints are manipulated to achieve specific performance or learning
outcomes (Davids et al., 2003). The ultimate aim is to selectively manipulate constraints so
specific behaviours and patterns emerge. By doing this, a performer explores a range of
movement patterns and perceptual information. Resultantly, the performer becomes better
attuned to identifying and using available affordances (Gray, 2018; Silva et al., 2013). For
example, deliberately adding a barrier constraint that must be hit over in baseball hitting had
increased effectiveness changing the batting technique compared to attentional cueing methods
(Gray, 2018). Here, Gray (2018) suggests a greater degree of exploration from the athletes who
were exposed to the constraints-led approach. Additionally, the findings highlight how
coaches’ can use the constraints-led approach to create targeted environments for these

performers’ to satisfy the unique combination of constraints imposed on them (Renshaw et al.,

2010).
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The process of self-organisation and pattern formation under the influence of constraints can
be harnessed by coaches’ who have an awareness of how constraints can be manipulated to
produced targeted and specific behaviour. For example, research investigating pitch markings
during 5-a-side association football small-sided game demonstrated that changes to the
boundary pitch markings (full line, dashed line or a marker in each corner only) resulted in
different movement behaviours (Countinho et al.,, 2020). Specifically, Countinho and
colleagues (2020) determined more visible boundary markings (full line and dashed line)
resulted in lower team dispersion (i.e. the team occupies less space on the field) compared to
markers in the corners only. Coaches’ may use this information for more targeted practice
interventions through manipulating constraints to encourage such targeted behaviour, e.g. an
attacking focus in a practice activity may only use corner markings to create a more expansive
and wider team shape compared to full line markings. Ultimately, it depends on the goal and
intention of what the coach and players’ need to improve for successful performance in the
sport. Nonetheless, targeted and systematic manipulations of constraints is encouraged to help
optimise the pedagogical approach of targeting specific behaviours, so they self-organise and

emerge organically using representative information in the practice activity.

Here, an understanding of how individual, environmental and task constraints shape emergent
behaviour is necessary to translate practice to the context that action or behaviour is required
in. Thus, understanding how constraints interact can provide information to coaches’ on how
to best structure practice. Consequently, the constraints-led approach is a practical, pedagogical
framework embedded within Ecological Dynamics (ED). The constraints-led approach can
help explain how skilled behaviour emerges in complex systems and how behaviour is
influenced by the constraints placed upon the system. The constraints-led approach further
helps provide coaches’ with detail on how manipulations to an interaction of constraints can
help alter or guide an individual or teams behaviour to optimise competitive performance (Otte
et al., 2020; Woods et al., 2020a). The integration of the constraints-led approach with an
enhanced understanding of ED would help coaches make informed decisions on how and why
to make manipulations during practice to optimise the behaviour of an individual or the team.
Traditionally, the design of practice environments in sport is based on experience, emulation
and historical precedence (Cushion, Armour, & Jones, 2003; Williams & Hodges, 2005), and
its implementation in team sport is often the prerogative of the coach, who is, among other

reasons, hired for their experience. However, experience within the sport may hinder the
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application of evidence-based practice methods derived from motor learning or skill acquisition
research (Ford, Yates & Williams, 2010). Therefore, an underlying framework, and the
implementation of that framework under the guidance of skill acquisition specialists is often
crucial to successful implementation. Using the constraints-led approach, an interaction of
constraints that reflects what occurs during competitive matches may help improve the skill
transfer from practice. Representative learning design aims to improve training and practice
interventions and focuses on how processes of perception, cognition, decision-making and

action can be influenced using the constraints-led approach.

2.4 Representative learning design using the constraints-led approach

In team sport, emergent coordination patterns become evident under the interaction of
constraints, which emphasises coordination in these settings as a constant organisation and re-
organisation process (Handford et al., 1997; Renshaw et al., 2019). Indeed, as effective
coordination patterns are reinforced, less functional states of goal-directed behaviours can be
discarded (Davids et al., 2003). Through this process of organisation and re-organisation
through exposure to practice, system attractors become more stable and less vulnerable to
perturbations over time, making their performance in a new context adaptable (i.e. transfer
skills and behaviours to a new context and remain stable). This ability to transfer learning from
practice to performance in a competitive context should be the aim of all practice (Pinder et al.,
2011). However, not all practice is equal. That is, for behaviour to be transferrable from
practice to performance contexts, perception-action couplings in training need to replicate
those of competition contexts (Davids et al., 2003; Maloney et al., 2018). For example, for
practice to be representative of competition, opposition players’ and teammates’ must run at
similar speeds during practice than during competition, for players’ to become attuned to the
opportunities for action presented by fast moving opponents and teammates (Aratjo et al.,
2014; Fajen et al., 2008). As a result, players’ will become accustomed to the perceptual
information that is embedded in fast moving opposition players and teammates, ultimately
encouraging decision-making behaviour and skill execution that is representative of that
experienced during competitive play. Specifically, if the practice context is one focusing on
transitioning from defence to attack, the speed of transition must be realistic to what is generally
observed in matches. If the length of the field is reduced, and less ground needs to be covered
by the players’, they may run slower than what is required or observed when a similar transition

occurs in a match. Slower running results in a slower flow of information and altered
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information-movement couplings when decisions are executed based on environmental

information.

From an Ecological Dynamics (ED) perspective, the performance environment is abundant
with constraints and affordances (i.e. opportunities for action) (Fajen et al., 2008). Since the
underlying presumption of affordances is based on what the performer can utilise and achieve
within the performance environment, Silva and colleagues (2013) suggest that shared
affordances become the main avenue for action in coordinative team tasks during competitive
performance. As such, the constraints and subsequent information provide possibilities for
collective decision-making. For example, attacker-defender coordination tendencies in
basketball change according to the relative position of the performers to the basket (Esteves et
al., 2012). In rugby union, the time-to-contact between the attacker and defender may affect
future pass possibilities and constrains the attacker-defender interaction (Correia, Aragjo, Craig
& Passos, 2011). These examples of affordance-based coordination demonstrate that players’
explore the environment in search for relevant information that can be used to shape subsequent
action. Additionally, if a defensive rebound is made by a basketball player and the team is
encouraged to play quickly, teammates’ may get on the outside of their opposition player so
they can use the width of the court and open up the middle (as the opposition will ‘follow’ and
mark them) for another teammate to run through. It is likely that such an understanding between
teammates of where to be and when must largely be achieved through practice (Silva et al.,
2013). Coaches’ and practitioners’ alike may term this as second nature, which can be
described as the teams implicit understanding of positioning when perceiving shared
information and subsequent opportunities for action. Consequently, this can lead to stronger
patterning of behaviour and attractors that continue to develop with more specific practice and
experience (Handford et al., 1997). Nonetheless, these behaviours must align to what the coach
thinks is an effective method to win competitive matches. Consequently, it is useful for
coaches’ to work with skill acquisition specialists to help their program and align fundamental

concepts from established frameworks into their daily practice.

Representative design is a concept first proposed by Brunswick (Brunswick, 1956) with the
intention of being used to study psychological processes at the organism-environment relation
(Pinder et al., 2011). These ideas align closely with the expert-performance approach (Ericsson
& Smith, 1991; Williams, Fawver & Hodges, 2017) and Gibson’s (1979) work on direct

perception and affordances in the environment, emphasising the importance of designing
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experiments that incorporate the contexts to which the findings are intended to generalise to
(i.e. the performance context). Although the assessment of how much of practice transfers to
competition is difficult to measure considering the dynamic interaction between the performer
and the environment, it is a necessary step to enhance the similarity of experiments to the
performance context. In sport, this is exemplified through training interventions and practice
drills. The aim of these interventions is to improve the players’ performance in match-play by
transferring the learnt skills from practice into the new context. In sports research, Pinder and
colleagues (2011) propose representative learning design as a framework to assess and describe
the functionality (i.e. functional coupling between perception and action processes) and action
fidelity (i.e. simulating the performance context) of practice tasks and learning environments.
This framework integrates principles of ecological psychology and dynamical systems theory

to enhance the similarity of practice to match-play.

The representative learning design framework for improving training and practice interventions
describes how processes of perception, cognition, decision-making and action underpin
intentional movement behaviours in dynamic environments (Pinder et al., 2011; Turvey &
Shaw, 1999). In collective skill acquisition settings like team sport, these subsequent actions
are dynamic based upon the interacting constraints acting upon the team and how attuned the
team is to the shared affordances available (Silva et al., 2013). For example, if a team is
unaware of an opportunity (and the relevant perception of information and subsequent action)
to effectively score from a turnover in basketball, is it because it wasn’t practiced? If it was
practiced, was it performed in an effective manner where players’ and the team were perceiving
representative information and acting in response (or anticipating) to that information? This
notion emphasises the importance of the coach in deciding content included in practice.
Further, it also shows the potential value of a skill acquisition specialist to help coaches’ design

practice which couples the relevant and most favourable action with the available information.

Traditionally, practice constitutes different implementations or variations that aim to replicate
the sports competitive matches. Small-sided games (SSGs) are described as smaller versions
of the actual match conditions, generally observed through altered playing numbers, size-
reduced fields or modified rules and/or implements (Ometto et al., 2018). SSGs have been
adopted largely to increase training participation, with the reduced numbers and field size
offering alternative physiological stress compared to full match simulation or gameplay that

effectively leads to adaptations relevant to the team sport being practiced (Hill-Haas et al.,
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2011). Additionally, collective behaviour and skill components can also be targeted in SSGs
(Ometto et al., 2018), and can change depending on how the SSG is designed (Silva et al.,
2014). These characteristics provide the platform for SSGs to replicate gameplay, and (ideally)
achieve representative learning design in practice. Thus, key task constraints, such as the field
length and width, the number of goals, or an outnumber in attack, can be manipulated to shape
emergent behaviour and expose players’ and teams’ to common sources of information in the
environment (Silva et al., 2013). An awareness of how manipulating task constraints can affect
team and individual player behaviour is needed to optimally expose players to favourable
shared affordances. Aligning the practice environment to favourable shared affordances is
essential for translating practice to competitive matches. For example, if a practice context is
designed to stabilise an effective ball movement pattern in soccer, the amount of space per
player in the SSG must be similar to that experienced during a competitive game in order to
effectively couple perception and action (Olthof, Frencken & Lemmink, 2019). The emergent
behaviours’ will be a result of the time and pressure put on each player as a consequence of the

design of that specific environment.

The intention of SSGs is to expose players’ to particular situations and environments that occur
in competitive matches. Consequently, an enhanced learning process can occur, where the
interaction of constraints permits emergent behaviours alike gameplay. Task constraints such
as player numbers and field dimensions are the most commonly manipulated variables when
designing SSGs (Ometto et al., 2018). When manipulating task constraints, collective and
individual behaviours’ change. For example, Silva and colleagues (2014) report effective
playing space and team separateness increase in larger field dimensions. Additionally, skill
level constrains emergent behaviours, with different behaviours’ reported between national and
regional level soccer players’. Furthermore, a numerical advantage in attack may lead to more
predictable behaviour performed by each individual player, compared to a numerical
disadvantage leading to more unpredictability in individual movement behaviour (Aguiar et
al., 2015). Coaches’ can harness findings like these to implement and manipulate practice to

focus on particular behaviours.

It appears that knowledge of the constraints relevant to a team’s performance environment can
build an understanding of how to optimise the structure and design of learning environments
for long-term learning and adaptation (Renshaw et al., 2019). Representative learning design

incorporates manipulating practice to best represent competitive match-play. The
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implementation of this method aims to optimise and integrate ED concepts and principles
(Pinder et al., 2011). Consequently, practitioners’ can enhance the interactions and behaviours
players’ perform in practice to be more like matches. However, this type of approach requires
a more detailed, evidence-based approach to understanding how manipulations to key
constraints will affect individual and team behaviour. As such, monitoring the constraints
coaches’ implement and players’ interact with is an effective way to understand how to best
optimise practice design. Meaningful interactions from games can then be identified and
implemented into practice. For example, Ireland and colleagues (2019) compared the frequency
of task constraints for all disposals in Australian football (AF) game-scenario drills to
competitive match-play. They reported game-based training drills significantly under-
represented the pressure on the kicker and receiving player when compared to match-play.
Additionally, match-play kicks executed in 0-1 seconds showed significant differences in
frequency between game-scenario training and competition match-play. Understanding such
constraint interactions allows coaches’ and practitioners’ to maximise skill transfer from

practice to gameplay.

As a result, successful utilisation of representative learning design and the constraints-led
approach in team sport requires an understanding of ED concepts and how they can guide
practice design and increase the understanding of collective skill acquisition. For a specific
example related to team sport, the next section will describe AF and why it can be classified as
a complex system. Understanding the characteristics and traits that make it a complex system
will help to elucidate why the constraints-led approach can be used effectively for practice

design in AF.

2.5 Australian football is a complex system

Australian football (AF) is a dynamic evasion sport that involves two teams of 22 players (18
on the field at once) playing against each other to score goals, located at each end of the ground.
The ground can vary in length (185m — 135m) and width (155m — 110m) (Figure 2.5.1). It
involves phases of attack, defence, contested play and stoppages (ball goes out of play and is
restarted by the umpire by either a centre bounce, ball up or throw in). The physical nature of
the game exposes players’ to intermittent high-speed running, frequent changes of direction
and collisions (Gray & Jenkins, 2010; Johnston et al., 2018), which occur over four 20-minute

quarters in the Australian Football League (AFL; the professional competition in Australia).
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Players’ also require high levels of skilfulness when passing the ball and shooting for goal,
often using both hands and feet (Johnston et al., 2016). Furthermore, position specific roles
require players’ to perform more or less of certain physical activities and skill requirements,
with the physical and technical activities of players’ also changing according to the phase of
play (Rennie et al. 2020). For example, contested phases of play involve less handballs than
offensive phases of play. Whilst differences in key metrics could be similar across games and
teams, with previous research determining key metrics related to winning in AFL across the
2013 and 2014 seasons (Robertson, Back & Bartlett, 2016), differences can originate from
different tactics implemented by the coaching staff. These tactics may change according to the
size of the ground, the opposition and their rank, which key personnel they have in their team,
which key personnel they have in their own team etc. Consequently, players’ decisions and
actions are guided and influenced by many different sources of information before and during
match-play. As such, the players’ decisions and actions can change according to an interaction

of the different variables, some of which will be outlined below.
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Figure 2.5.1: Typical player positions and typical field dimensions in Australian football (Taken from Gray &
Jenkins, 2010).

From an Ecological Dynamics (ED) perspective, along with an underpinning of dynamical
systems theory as described in a previous section, AF is a complex system characterised by
dynamic interactions between the performers’ (i.e. players’) and the environment. These
interactions, which include explicit or implicit exchanges of information such as ball
movements, defensive running patterns, verbal communication, and even non-verbal
exchanges of information, provide collective opportunities for action (i.e. shared affordances).
These shared affordances allow stable or variable coordinative patterns to emerge or dissipate,
depending on whether the players’ can satisfy the relevant constraints in the environment. As
such, it is the interacting constraints that create inter-dependent behaviours between players’
on the same team (to produce effective and stable behaviours) and opposition players’ (to

perturb the stability of their behaviours). Consequently, the resultant behaviours in a complex
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system are the interaction between its components, as evidenced by behaviour in AF. For
example, Sheehan and colleagues (2019) describe how cooperative networks (passing
interactions between players on the same team) can be used to capture the dynamic and self-
organising properties of AF. It also illustrates the independent but interacting components
within the system. Additionally, Alexander and colleagues (2019) reported emergent
spatiotemporal variables differing between phase of play in a match simulation practice context
within professional AF players. The non-linear changes within the system (x-axis and y-axis
centroid, length, width and surface area) demonstrate system self-organising properties that are
based on dynamic sources of information that are used for exploitation. Thus, AF represents a
complex system whose order arises from interactions between players (components of the

system) and the environment to produce goal-directed behaviour.

Complex systems rely on principles that drive and influence the organisation of the components
within the system, and is crucial for many fields including biology, neuroscience,
thermodynamics and economics (Expert, Evans, Blondel & Lambiotte, 2011). It has origins in
the mathematical and physical sciences to explain systems that change over time (Clarke 1995).
In movement sciences, it was first introduced by Kugler and colleagues (1980). Since its
inception in the movement sciences, the characteristics and principles of complex systems have
evolved into understanding and explaining intricate complex systems and how they operate.
With the underlying principles derived from dynamical systems theory, there are a number of
essential elements that are present for AF to be classified as a complex system. Complex
systems are characterised by independent and variable degrees of freedom, a multilevel
structure, the potential for non-linearity in behaviour, capacity for stable and unstable patterned
behaviour (short and long term), the ability of subsystem components to limit or influence the
behaviour of others and self-organisation tendencies. Each of these exist in AF, making it a

plausible case to examine.

Effective teams make the available degrees of freedom redundant by coupling them, creating
more efficient movement and information sharing. This coupling reduces the complexity of the
whole system so that each sub-component, or player, can participate in many different
coordinative structures at different time points (Kay, 1988). For example, there are many
transitions between phases of play resulting in different amounts of time spent in offence,
defence, contested play and stoppages in AF (Rennie et al., 2020). One player can make an

independent decision to participate in an offensive sequence of play, increasing the ‘apparent’
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complexity of system organisation (plus one degree of freedom), but also has the potential to
effectively couple with other player’s (reducing the degrees of freedom of the system) and
create an effective outcome, e.g. link up with another player out of a contested scenario and
kick the ball forward to gain territory. The coupling of information sharing can be thought
about through a specific example in cooperative network analysis (passing interactions between
players). Fransen and colleagues (2021a) report that a one standard deviation increase in
connectedness (more spread in passing/interacting between all players in the team/system)
increases the teams odds of winning by 79.5%. The connectedness metric can be interpreted as
reducing the degrees of freedom. The players’ in an AF team effectively couple through ball
movement and therefore create more effective goal scoring opportunities. Furthermore, it may
also make the team more efficient, as they can effectively organise, utilise time and space more
effectively and satisfy the interacting constraints through information sharing and coupling.
Recent evidence reported by Sullivan and colleagues (2014) suggests such a notion exists in
professional AF, with coaches’ subjectively rating players’ higher when they ran less in
competitive matches, potentially alluding to greater efficacy in pattern recognition and
decision-making. However, degrees of freedom are variable, indicating that player behaviours
and decisions may be variable across different conditions in the environment, with contextual

information an essential consideration when undertaking any such analysis.

Variability is useful in performance process instances, such as kicking technique or running
patterns in the forward line, as it indicates the exploitation of individual and team degrees of
freedom to create effective outcomes and demonstrates adaptation to the prevailing constraints
placed upon the system. For example, useful variability in running patterns by a key forward
permits flexibility in using or not using other degrees of freedom (e.g. use other player’s to
block or shepherd a path for them) to effectively mark the ball from a kick entering the inside
50 region. This compensatory variability mechanism is a key characteristic of expert players.
Conversely, less skilled performers’ may show as much or more variability, but it is not
functional and hence not adaptable to the constraints placed on the system (Davids, Glazier,
Araujo & Bartlett, 2003). For example, younger, less-skilled players’ in the AFL may be
unaware that running into space being occupied by a nearby teammate is not functional
variability, as it prevents the other player from effectively utilising that space. This player has
not effectively exploited the available degrees of freedom and as such, does not have
complementary variability to help achieve effective outcomes such as an effective mark in a

goal scoring opportunity location. Independent and variable degrees of freedom definitively
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underlie behaviour in AF. Consequently, it provides a powerful basis to understand how skilful
behaviour and actions emerge, and how individuals compose independent yet interacting
components in the system, with a powerful ability to influence one another through redundancy
(e.g. not passing to a player when it is not needed) or exploitation (e.g. understanding that a

stronger teammate may be a better target option when they are marked by a smaller opposition

player).

Individual

Objective(s): Relates to each players goals, KPIs,
expectations etc.

Figure 2.5.2: Multilevel structure of Australian football. KPI = Key performance indicator.

The availability and variability of independent yet interacting degrees of freedom within an AF
team can be observed from a multilevel structure (Figure 2.5.2). The multilevel structure of the
team provides a basis for effective coordination solutions to satisfy the interacting constraints
placed on the system and its components. A consistent feature when developing analytical
models of large-scale systems, alike to an AF team, is partitioning behaviour into modules or
subsystems (Mahmoud 1977). Additionally, Mahmoud reports large multilevel systems adopt
characteristics relating to interdependency of subcomponents (previously explained through
the degrees of freedom problem) which serve functions, share resources, and are governed and
influenced by shared goals/tasks and constraints. In AF, a multilevel structure exists that
demonstrates shared goals and decision problems and helps clarify the communication of
information and how such exchanges occur across system levels. Figure 2.5.2 shows a broad

level structure of an AF system.
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The hierarchical and multilevel arrangement of subsystems in AF provides an insight into how
information sharing occurs, with each subsystem or level, consisting of different and unique
goals to be achieved. At the top of the whole structure and system, one decision problem upon
which the overall objective of the system depends is apparent in AF: to score more goals than
the opposition and win. From there, each other subsystem will attempt to create organisation
patterns and coordination solutions to achieve that goal. Naturally, the goals and decision-
making processes of other subsystem levels to achieve the overall objective of winning become
more complex, with each level attempting to solve unique problems directly relevant to their
objectives and constraints placed upon the system. The model of multilevel structure and its
partitioned ‘subproblems’ repeats itself over each level within the systems organisation. For
example, inter-team goals consist of defeating the other team by scoring more goals and
preventing the opposition from scoring. In order to score goals in AF, intra-team aims may
consist of key performance indicators (KPIs) which provide a more granular insight such as
inside 50 counts, kicking efficiency percentage, contested mark win rates, the number of
uncontested marks etc. In order to achieve these key performance indicators, positional groups’
within the team will have KPIs to meet. For midfielders’, this may include contested ball wins,
clearance wins, number of tackles etc. Finally, the individual player subsystem may be classed
as the most complex because of the infinite number of decision problems a player must
encounter and overcome in one game. For example, a player must decide where to stand, who
to defend, to make body contact or not, run faster or slower, look around and scan when running
etc, which can all occur within one passage of play. These problems and decisions encountered
by players should be influenced and helped to be solved by the higher order problems, for
example if they are a midfielder, what are the KPIs for midfield? If the aim is to win contested
possessions, then will they be required to run faster at that specific time to get to the ball. As
such, higher order inter-team problems then determine how that positional group or whole team
behave to achieve their main objective of scoring more points than the opposition.
Consequently, the problems at the base of the pyramid should be influenced and solved by

other higher order problems and objectives.

Similar to other complex systems, AF subsystems interact through shared objectives and
constraints. This nature of information sharing not only assumes interdependence amongst
subsystems but provides evidence of subsystems having the ability to limit or influence the
behaviour of others (Ribeiro, Silva, Duarte, Davids & Garganta, 2017). The emergence of

coordinative behaviours in AF is based on the formation of inter-player synergies. These
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synergies can be described considering the degrees of freedom problem posed earlier, and how
it is solved in AF. Teammates must couple the available degrees of freedom, becoming
temporarily constrained to act as a single and coordinated unit (Kelso, 2012). Because the
outcome of behaviour is largely determined by the underlying task to be achieved, objectives
help determine the specification of shared affordances for coordinative behaviours. For
example, if the defensive playing group aim to take 10 intercept marks, they will implicitly get
into positions which may allow them to achieve this. In doing so, they are aiming to achieve a
common goal by influencing each other’s behaviour and actions. Specifically, one defender
may leave their opponent in an attempt to achieve an intercept mark. This will force another
defender to cover the opposition player. Thus, the individual system can influence other higher
order subsystems. The key to effectively undertaking this lies in performing actions that
contribute towards the achievement of goal-directed behaviour. Furthermore, if the midfield
group is performing poorly and not achieving positional specific objectives such as obtaining
an insufficient number of clearances and hence the team is losing territory, the defensive group
may have to compensate and elevate their work rate by running more or using more body
contact on the opposition to maintain an effective state of system organisation and prevent the
opposition from scoring. Thus, the behaviours of a complex system such as an AF team, emerge

from the interactions of system components/subsystems.

The potential for non-linearity in behaviour provides complex systems, such as an AF team
and its subsystems, the power to adapt to changing and dynamic conditions. As each system
can change (e.g. a player may choose to pass to one player and not another because of their
position on the field) over time, the organisational state of the system is continuously
influenced. The extent and magnitude of the influence on system behaviour is non-proportional
to that decision or event. For example, the same error can occur in the game, but the location
of the error and whether it is located on the defensive goal line, or in the middle of the field,
can lead to significantly different changes in system organisation for each event. As such, there
is often a non-linear response in behavioural change to a change in match-play conditions.
Specifically, Alexander and colleagues (2019) reported that player positioning showed
considerable variation during phases of play in a 15 versus 15 AF match simulation drill. As
the nature of AF is dynamic, the trajectory of system behaviour cannot be linear as the
fundamental ideology to complex systems is how to solve the degrees of freedom problem.
That is, to produce purposeful movement, hundreds of degrees of freedom within each player

and across players need to be functionally coupled. Effective coupling is achieved successfully
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by exploiting variability of each subsystem and its components. Considering the non-linear
nature of coordination and gameplay in AF, configurations of organised behaviour emerge and
dissipate in response to the continually evolving conditions. From this alone, adaptability and
non-linearity in behaviour are related as behaviour that is linear is predictable; whereas
adaptability infers an ability to maintain stable behaviour across different and changing

conditions (Handford et al., 1997).

In connection with coordination and control problems in movement systems posed by Kugler
and colleagues (1980), an awareness of non-linear and multilevel systems in AF provides a
model of the organisation approach to complex systems. Specifically, this theory stands with
the natural predisposition of complex systems to spontaneously organise subsystems to achieve
a global coordination pattern. The constant transactions of information and energy between
system subcomponents (i.e. players) allows spontaneous pattern formation to emerge through
self-organisation. This process occurs due to transitions between organisational states as a
result of satisfying dynamic constraints that are present in the environment. For example, an
AF team must be able to successfully transition between an organisational state in attack and
defence. If there are ~85 turnovers per game, teams must be able to continuously adapt and
reorganise between phases of play. Additionally, it would be an inefficient method if players
explicitly shouted at each other every time reorganisation was required. Thus, to favourably
reduce and compress the dimensionality associated with the large number of degrees of
freedom within players and within the team, the team and its components, that is, the players’,
use information in the environment such as the movement of opposition players’, location of
the ball, their position on the field, to spontaneously self-organise (Araujo et al., 2014). The
hopeful notion is one that the team will self-organise into successful coordinative structures to
either score or prevent the opposition from scoring. Such coordinative structures are assembled
temporarily and flexibly, so that each subsystem and its components (e.g. one coordinative
structure may use 4 players, whilst the next uses 7) can participate and contribute in many
different coordinative structures across time (Kay, 1988). Individually, the coordinative
structure may change so that a player may dispose of the ball using his/her non-dominant left

foot, rather than his/her right foot.

Coordinative structures involve the temporary assemblage of components within and across
each subsystem(s). To achieve an effective coordinative structure in AF requires efficient

information exchange between system components (Kugler et al., 1980). However, as sources
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of information may be perceived and acted on differently according to the skill level and
expertise of each player, there is a capacity for stable and unstable relationships within the
complex system (Passos, Aratjo & Davids, 2013). For example, is the team able to maintain
possession when passing the ball closer towards the opposition goals. If they can, it provides
some insight into the stability of that coordinative structure in that context (i.e. slow play ball
movement, fast play ball movement). Conversely, if they are unable to move the ball effectively
towards the opposition goals, it may demonstrate an unstable relationship between system
components to produce an effective coordinative solution for that context (Handford et al.,
1997). Whether the pattern is stable or unstable relies on the overall behaviours available to the
team, which can be observed through their collective perceptual-motor workspace. For
example, the team may possess many solutions in its repertoire to move the ball effectively. If
the team has just one, they are very predictable and may be very easy to stop. If they have
many, they are adaptable to different conditions and oppositions, and can effectively move the
ball up the field. Performance in stable regions in the teams perceptual-motor workspace is
easier to maintain across dynamic conditions in AF. Conversely, performance in unstable
regions cannot be maintained and is transient (Aratjo, et al., 2004). The ideal outcome would
be to have effective solutions that are stable and therefore adaptable. Teams in the AFL can
have a repertoire of effective and ineffective solutions that are a mix of stable and unstable
patterns. For example, a team could be at the top of the ladder with effective and stable
solutions, whilst you may also have a team at the bottom of the ladder with stable solutions,
but they are ineffective, resulting in more losses. Here, the team at the top of the ladder may
have a particular method of defending where they consistently pressure the opposition team
into a turnover, so they regain possession and teams do not progress further up the field. Their
defensive strategy and tactics are effective (they are able to regain possession) and stable (they
defend this way against a variety of teams and attacking styles). Nonetheless, it is the
interaction of components within the system and the variability they possess (at the individual
level and team level) that provides a capacity within the complex system to demonstrate stable

and unstable behaviours.

The nature of AF sees the emergence of patterns of behaviour in a dynamically evolving
environment. It displays characteristics common across complex systems in neuroscience,
biology, thermodynamics and economics. These commonalities emphasise the degrees of
freedom problem, and how it can be solved through dimensional compression (i.e. a larger

number of degrees of freedom are compressed into a smaller number of degrees of freedom to
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reduce the complexity of behaviour) in AF, the multilevel structure of AF (individual, intra-
team and inter-team) and the ability of these subsystems to influence each other’s behaviour.
Additionally, AF demonstrates the potential for non-linearity in behaviour (and in performance
and also learning), the capacity for stable and unstable behaviour and a complex systems ability
to spontaneously self-organise and form a coordinative structure through an effective
assemblage of its components (i.e. players), which can be temporary and/or flexible. These
features of observing AF as a complex system provide a conceptual basis and a working method
to explain behaviour. If practitioners’ consider AF to be a complex system, it is governed by
these complex system rules. If it is governed by these complex system rules and concepts
related to ecological dynamics, the behaviour can be simplified and understood using the
constraints-led approach. Utilising the constraints-led approach will assist with the translation
of the conceptual ideas discussed herein, which can appear complicated to the coaches’ and
practitioners’ it directly applies to. Effective translation will help coaches’ design practice
interventions that help players’ transfer skills and behaviours to matches. Nonetheless, most
research in AF has not integrated the constraints-led approach when examining practice and
competitive matches. Where research has used the constraints-led approach, a significant focus
has been placed on assessing the constraints when players’ dispose the ball. Additionally, the
lack of skill acquisition experts in professional AF organisations may indicate ineffective
communication of this work with coaches’ to something they can relate to. In part, this thesis
aims to rectify this issue by providing novel findings to established concepts in skill acquisition.
Moreover, it will attempt to translate the findings to industry experts and in doing so it is
anticipated that skill acquisition will be more favourably viewed to benefit coaching practices

and sporting organisations.

2.6 Overview of Skill Acquisition Research in Australian Football

2.6.1 The Ecological Dynamics framework applied to Australian Football

Ecological Dynamics (ED) has long been established as a framework to understand and assess
individual and team behaviours in sport. A myriad of papers have theoretically posed its
usefulness and applicability in human movement and sporting contexts (Clark, 1995; Davids
et al., 1994; Davids et al., 2003a; Davids et al., 2003b; Handford et al., 1997; Kugler & Turvey,
1987; Turvey, 1990). Although it has increased rapidly over the last five years, ED research is

Australian Football (AF) is relatively rare. One reason for this may have been the abundance
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of ED research in team sport showcasing the transferability of ED principles to other team
sports (Davids et al., 2003a; Davids et al., 2003b; Handford et al., 1997; Silva et al., 2013). For
example, key concepts such as self-organisation, changing patterns across time, perception-
action coupling and constraints relate to things such as team stability, variability and transitions
in the configurations of play. Nonetheless, AF may have more complexity than other team
sports because of the large number of players’ (18 per side on the field) and rolling rotations
that can be used at any point during play (four interchange players). Here, the degrees of
freedom are larger than most other sports such as association football, hockey, rugby league

and rugby union.

The earliest recorded adoption of ED principles in AF was in 2013, where a researcher (Pill,
2013) applied dynamical systems theory to the forward press. The forward press is a tactic used
by team’s which involves the players’ from the attacking team pressing forward into the
forward half of the ground as the ball transitions into the teams forward 50m arc (Pill, 2013).
The forward press is an example of constricting the amount of space and time the opposition
has to pass the ball in order to increase the chance of turnovers closer to their own goal and
increase the chance of scoring (Figure 2.6.1). Pill (2013) also described this constriction of
space in relation to attacker-defender relationships. Whilst Pill (2013) goes on to describe how
each sub-system has the ability to influence the organisation and effectiveness of the whole
system, he provided the first relation of ED to AF in a succinct but non-empirical format. In
2014, Pill continued this work and further described the relationship between complex
dynamics of gameplay in AF and the game sense coaching approach to learning skill. Here, he
outlined why accounting for complexity and potential possibilities and scenarios player’s
encounter in competitive matches was important to replicate during practice. Pill suggested
that a sensible and theory-informed method to use was the constraints-led approach.
Additionally, whilst he did not use the language from ecological psychology, the performer-
environment relationship was described along with how it was shaped and influenced by
interacting constraints. Thus, these studies by Pill (2013, 2014) provide some of the first
applications of ED components in AF. Tangible, but non-empirical examples, were provided
throughout to showcase dynamical systems theory, game sense coaching, the constraints-led

approach and the performer-environment relationship.

Recent research has observed an increased integration of ED principles into AF, with an added

emphasis into the ecological psychology ontology. Woods and colleagues (2019a) provide
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information on how affordances emerge in the environment for AF players. Specifically, the
authors reinforce the need for contemporary coaching and pedagogical domains to incorporate

ED principles into their programmes.
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Figure 2.6.1: Altered positions during a forward press. The red dot represents the ball.

The authors then prescribe an AF small-sided game, in which principles such as perception-
action coupling, affordances, degrees of freedom, to name a few, are applied. Furthermore, the
context of each disposal (kick, handball) can also be notated for details such as the amount of
time the player has in possession, the pressure they were under, or the effectiveness of the
disposal, which are then compared to competitive matches. This approach helped to identify
the constraints players’ interact with when disposing the ball and provide a simple comparison
between practice and competitive matches. The same principle and type of data collection and
analysis was also performed by Woods, Jarvis & McKeown (2019b) and Robertson (2016).
Whilst Woods and colleagues (2019a) detail how the approach can help inform practice design,
it is by no means an extensive or exhaustive amount of data analysed. Unfortunately, case
studies and case reports are common in AF and ED research. While these generate some level

of evidence, they are ranked relatively low in the evidence hierarchy as findings from a specific
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case may not generalise to the wider population. As a result, there may be a lack of an empirical

evidence on the application of the central principles of ED in skill acquisition to sport.

Features and characteristics of ED have been promoted in high performance sport, where
performers manifest skilful and adaptable behaviour in highly dynamic contexts. For this
reason, research has attempted to integrate these concepts across different facets of high-
performance sport, and in particular, AF. Here, ongoing challenges and reservations such as
the difference between performance and learning, the ‘I-did-it-this-way-when-I-was a player
philosophy’ some coaches possess or the mechanistic, technique-based approach to skill
learning can make it difficult for the integration of ED concepts. Whilst these reservations are
justified due to the absence of empirical data to support many ED assertions, Woods and
colleagues (2020a, 2020b) attempt to provide working models and further case studies to show
how these concepts can work in real-life high-performance sport. For example, in an attempt
to simplify the jargon presented in ED research, Woods and colleagues (2020a) aimed to
provide a user-friendly framework to help practitioners interested in adopting a scientific

approach to practice design (Figure 2.6.2).
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Figure 2.6.2: The ‘heads up footy’ framework. Taken from Woods and colleagues (2020a).
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The aim of the framework is to support transference of key concepts to practitioners. The
authors acknowledge the important integration of experiential (coaches, practitioners) and
empirical (researchers, academics) knowledge sources to help optimise practice design. Whilst
there is no thorough or investigative data presented through the manuscript, there are multiple
examples called upon which showcase underlying ecological principles such as matching
perception-action coupling from practice to matches through modifying constraints, assessing
player and team degeneracy via specific task rules and improving player self-regulation
through the use of questioning. Indeed, the authors conclude “we encourage the sport science
community to promote the sharing and scientific publication of exemplars and/or case studies
that afford opportunities to accept, reject or adapt practical approaches used by others” (pg.
10). Thus, current research exploring ED in AF illustrates what the framework is meant to
imply, whereas true experiments and rigorous data collection tests a theory’s implications (van
Hezewijk, 1965). Consequently, the current scope of ED research in AF is largely theoretical
and contains few and biased exemplars and case studies to showcase a glimpse of ‘what it looks
like in the real world’. Whilst these research papers discussed above may be somewhat useful,
there is an apparent need for empirical data probing some of the assertions and principles set
out by the ED framework in sport. Nonetheless, recent research has commenced the collation
of empirical data to support decision making regarding practice design using the constraints-
led approach in professional AF. These research papers are vital to help practitioners and
coaches understand the differences between competitive and practice environments in order to
maximise skill learning. The following section will detail what practice environments look like
in AF and how a constraints-led approach can be used to collect empirical data in AF and as a

result, improve the level of representativeness in AF practice.

2.6.2 Practice and constraint notations in AF

Human behaviour is regulated by a continuous process of perceiving and moving. As such, the
environment provides opportunities for action i.e. affordances, as the athlete navigates the
space they can move and interact with (Gibson, 1979; Maloney et al., 2018). Contemporary
accounts of ED in life typically observe the performance of the individual or team in their
performance environment and make a comparison to their practice environment. It is a simple
but effective comparison permitting the researcher/ practitioner to assess the similarity between
the environments, ultimately aiming to facilitate the transfer of skills from practice to

competition (Maloney et al., 2018). For example, Greenwood and colleagues (2016) revealed
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that cricket bowlers adjust their run-up based on the absence or presence of the umpire. The
removal of the informational constraint i.e. the umpire, resulted in altered movement patterns
that were more variable compared to when the umpire was present. Hence, the information in
the environment influenced how the performers moved and presented alternative opportunities
for action. Importantly, the coaches and practitioners can help facilitate what information is

more ‘useful” and help athletes attune to these specific environmental features (Gibson, 1979).

In AF, researchers have used the constraints-led approach proposed by Newell (1986) as a way
to explain changes in perceptual-motor behaviour that result from interacting constraints. Here,
the assertion is that engaging with more practice that has increased similarity or
representativeness of the performance environments optimises skill transfer (Davids et al.,
2008). This is a simple approach to help guide scientific conclusions on the efficacy of practice
environments for skill transfer. Robertson (2016) provided the first publicly available case
study comparing the task constraints between practice and matches. Specifically, the frequency
of specific task constraints such as time in possession, kicking distance, kicking target type,
type of pressure, and type of kick were measured across pre-season training, in-season training
and competitive matches. Furthermore, these constraints were compared between the AFL
competition and the reserve grade competition (i.e. the Victorian Football League). Matches
had a much higher percentage of kicks executed with less than two seconds of possession
compared to pre- and in-season training, along with a higher proportion of kicks originating
from receiving a handball. These two outcomes alone suggest there is a higher amount of
pressure in competitive matches, meaning players must dispose of the ball quicker.
Furthermore, there seems to be a quicker transition speed in AFL matches extrapolated from a
much higher proportion of handball receives being performed. Consequently, practitioners and
coaches can use these simple comparisons to increase practice specificity through task
constraint manipulations. For example, a 2-second time in possession rule may be implemented

by the coaches.

Similarly, Corbett and colleagues (2017) used similar data with the addition of physical
measures. These authors aimed to develop an objective method to prescribe activities using
their physical and skill characteristics whilst concurrently comparing these metrics to matches
to assess their similarity. Of the five clusters they identified, not one was able to reach the
levels of competitive matches for all physical and skill characteristics. For example, one cluster

identified much higher physical outputs during match-play (metres per minute and high
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intensity running) which had much lower exposures to skill characteristics (kicks under no
pressure, moving kicks, kicks executed in < 2 seconds). Whilst each cluster was not able to
fully represent the physical and skill behaviours of competition, these clusters help provide an
indication of what activities may be similar to each other and can subsequently assist
practitioners when designing targeted practice. Indeed, Magill (2011) hypothesised that
optimal skilled performance ensues after exposure to highly representative activities, with these
activities having the highest transfer to performance. This is reinforced by expert performers
themselves, with Baker and colleagues (2003) revealing that competition was rated as the most
helpful form of training for the development of perceptual-motor and decision-making skills,
whilst competition was also rated highly for developing skill execution and physical fitness.
As maximising the representativeness of practice in professional sport is limited due to the
large focus on recovery and optimising physical preparation, coaches’ and practitioners’ must
consider operating along a representativeness continuum, with the most representative
activities incorporating task constraints which can be modified to increase the specificity to

matches.

Since the pioneering work of Robertson (2016), who instigated the observation of the
constraints under which player’s dispose of the ball, several research groups have used similar
approaches while incorporating slightly different analyses and broader athlete cohorts.
Research has assessed kicking and handball disposals to compare between game-scenario drills
in training (pre- and in-season combined) and competitive matches (Ireland et al., 2019). These
authors reported similar findings to Robertson (2016). For kicking disposals specifically, 0-1
seconds time in possession was more frequently observed in competitive matches, as were
kicks travelling greater than 40m, physical pressure when disposing the ball, the proximity of
the opposition in the 0-5m range and the prior disposal type coming from a groundball or
‘crumb’ (i.e. gathering the ball in the air off the body/hands of another player) (Figure 2.6.3).
The authors presented large effect size differences for all of these metrics, with the exception
of prior disposal type being a groundball or crumb (d = 0.78). In contrast to kicking, training
revealed a much larger frequency of handballs performed in the 0-1, 1-2, 2-3 and 3-4 second
ranges. Additionally, handballs in training were typically performed under more pressure and
under closer proximity to opposition players compared to competitive matches. Consequently,
kicks were executed significantly faster in games compared to training, whereas handballs were
executed significantly faster in training compared to games. These findings help coaches’ and

practitioners’ obtain objective data on the exposure to specific constraints a player or the team
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is having. It can then assist with targeted interventions to improve the representativeness of
practice.

0-1s
HBR 8 1-2s —8— Games
Free Kick/Mark 5 2-3s — @~ - Training

Crumb/GB 6 3-4s

Oppo 5+m away d+s

Oppo 0-5m away 0-20m

No Oppo Pressure = 20-40m

Chase 40+m

Side on Dynamic Disposal

Front on Static Disposal

No Pressure Dynamic Target

Physical Static Target
Implied

Figure 2.6.3: Skill constraint disparities (frequency per 120 minutes) between practice and competitive matches.

Taken from Ireland and colleagues (2019).

Identifying the constraints that act on player behaviour during practice is useful to achieve
desirable levels of representativeness during practice. However, it is typically a concomitant
interaction of multiple constraints under which skilful behaviour self-emerge (Newell, 1986).
For example, a player may typically have less than two seconds time in possession before
disposing of the ball, however they may also be under physical pressure and attempting to kick
the ball greater than 40m. To help address the complex interaction of constraints, research by
Browne et al (2019) and Robertson et al (2019) took into account the most commonly occurring
sets of constraints. These studies help provide detail around the relationships of important
constraints that influence disposals in AF, ensuring the multivariate context is taken into
account. As a result, the practitioner can generate insights into how players action capabilities
adapt under certain conditions and interacting constraints. For example, Robertson and

colleagues’ (2019) analyses determined that a lower amount of time was consistently
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influential across the constraint interaction matrices or rules. Specifically, a time in possession
of less than two seconds occurs in four out of five constraint interaction rules in addition to
negatively influencing kick outcome in competitive matches. Although these findings only
relate to data collected from competitive AFL matches, the findings warrant increased targeted
interventions during practice that aim to improve player performances under these constraint

interactions.

The predominant challenge to optimise practice resides in how coaches design it. Whilst this
has largely been based on coaches subjective opinions, measuring interacting constraints across
multiple contexts has provided useful indications and assessments of how representative the
practice activity is. Recently, research has compared constraint interactions and their
frequencies in small-sided games, match simulation and competitive AFL matches (Browne et
al., 2020). These researchers aimed to understand disposal sequences and the extent to which
disposals are dependent on the preceding disposals. It was reported that disposal sequences
differ between small-sided games, match simulations and competitive matches. Specifically,
match simulations were more representative of competition compared to small-sided games, as
indicated by disposal types and the types of pressure players interacted with. Moreover, the
frequency of effective third disposals in the sequence were higher in small-sided games
compared to match simulations and competitive matches. Here, assessing the disposal sequence
and disposal effectiveness may help uncover information surrounding the continuation of play
and how more or less effective disposals in a sequence can alter the perception of affordances
across different timescales. Nonetheless, further consideration must be given to specific
activities where the group-level task constraints, such as player numbers (e.g. 9v8), field size
or different task rules (e.g. score by taking a mark in a particular zone on the field) would likely
significantly alter these results. This requires research to integrate what the intention and
purpose of the activity is as identified by the coaches and how practitioners can assess the

intention to report whether it has been achieved or not.

To address this, Teune and colleagues (2021) documented a combination of three
environmental (area per player, number of players and team outnumber) and two task (activity
objective i.e. possession or scoring based and disposal limitations i.e. kicks, handballs or both
permitted) constraints across AF practice activities. Regression models indicated these five
constraints explained 68% of the variance in disposal frequency but only 22% in disposal

proficiency. These results indicate the capability of these models to predict, to some extent, the
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disposal frequency of players in practice activities, but not disposal proficiency. This may be
useful when coaches and practitioners are planning practice activities, aligning activities with
a skill periodisation framework for advanced periodisation of skill learning (Farrow &
Robertson, 2017). Nonetheless, altering team outnumbers or manipulating space per player did
not influence disposal proficiency in this study, which is in disagreement with previous
research in state-based AF players (Fleay et al., 2017). Teune and colleagues (2021) speculated
that these differences between their results and the literature may be explained by the skill level
of the sample being assessed. Future research may build on this by incorporating increased

specificity of activity intentions (rather than just possession or scoring).

Whilst assessing AFL competition and training data reveals key constraint interactions that
may influence players’ skilled behaviours, practitioners and coaches working within or across
different competition tiers i.e. state-level, may have different findings to research in the
professional league. To address this, Browne and colleagues (2019) assessed constraint
interactions when disposing of ball possession across three competition tiers of AF.
Specifically, the authors compared Under-18, state-level and AFL competitions. The expansion
of data analyses across three competition tiers demonstrated the AFL competition yielded an
interaction of more difficult constraints. For example, players had to execute short kicks with
0-2 seconds of possession to a ‘covered’ teammate i.e. a teammate who has a defender on them,
or a leading teammate i.e. a teammate who is running towards them wanting to receive the
kick. Comparatively, U18 and state level competitions displayed greater variation across the
seven shared interaction matrices/rules. Based on levels of confidence, the consensus was that
AFL players executed skills more proficiently than state level players who executed skills in a
superior manner than U18 players. This finding is intuitive, however, further provides some
specificity as to which aspects of practice could be manipulated to help optimise development
in each competition tier. Nonetheless, whilst these approaches and manuscripts provide great
insight and the results suggest a general consensus into how constraints interact when players
dispose of possession, each analysis yields similar results. So much so that there now seems to
be a saturation of research that makes these comparisons of constraints and contextual features
when players dispose possession (Robertson, 2016; Corbett et al., 2017; Woods et al., 2019b;
Ireland et al., 2019; Browne et al., 2019; Robertson et al., 2019).

These approaches are now commonplace in professional AF. They provide accurate

comparisons between practice constraints and competitive match constraints. However, an area
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that is yet to receive detailed attention is the structure and monitoring of practice. The amount
of time coaches prescribe to specific activities remains an important but untouched aspect of
skill acquisition and performance preparation. Previous research looking at physical
performance reported differing training loads according to the type of training performed
(Moreira et al., 2015). Specifically, pre-season activities recorded higher physical training load
and session duration compared to in-season activities. The activities monitored were very broad
and included games, combat activities, fitness, football and others. The authors also mentioned
the large array of pre-season sessions was likely due to the wide variety of different training
modes to meet the physical demands e.g. acceleration, deceleration, repeat-sprint ability,
strength, power etc of AF. A similar extrapolation seems appropriate for individual and team
skill and tactical preparation. Nonetheless, it is currently unknown how more specific practice
activities change over a season. Farrow and Robertson (2017) proposed a skill acquisition
periodisation framework and proposed guidelines to help researchers periodise and evaluate
skill learning. Whilst it is based upon traditional physical periodisation models and generally
lacks empirical data to support its notions, it provides some utility and guidance for
practitioners. Nonetheless, future research should look to validate the guidelines set out in this

framework.

The majority of the research evaluating constraint interactions during practice and comparing
them to matches consistently report differences between each context. Specifically, it seems
that time in possession, disposal type, pressure from opposition, disposal effectiveness and
disposal sequences remain different in practice compared to competitive AFL matches. Whilst
it seems a consensus on why this is the case is generally demonstrated i.e. different levels of
representativeness during practice are implemented by the coaches, future research must
challenge existing frameworks to consider whether pedagogical frameworks such as ED align
with what is currently implemented by domain experts in the real world. Questions surrounding
the highest level of representative practice required for players or teams to perform in
competition or whether coaches compromise skill development if they do not implement ED
principles are yet to be answered and require attention. The studies in this sub-section
demonstrate consistent differences and potentially inadequate levels of representativeness of
constraints in some aspects of practice but not others. Ultimately, the coaching group should
determine the level of representativeness they are content with. Practitioners, such as
performance or data analysts, sport scientists and coaches, and researchers play an important

role regarding representative learning design during practice. Whilst the current research has
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largely focused on how disposals are affected under different interacting constraints, there is
further research that has examined collective behaviour in AF teams during practice and
competitive matches. Furthermore, there has been an improved integration of technical and
tactical measures of skill and behaviour to assess match outcomes in AF. Consequently, the
next section will detail how observations into collective team behaviour can help inform
objective interpretations of team tactics. Consequently, this information can assist practitioners
and coaches in their evaluation of practice interventions to improve skill transfer and further

design practice using the constraints-led approach.

2.6.3 Investigations of performance indicators and behaviour in AF

The inception of large datasets and enhanced technologies has led to increased potential to help
determine important indicators of performance and quantify collective behaviour in team sport
(Gudmundsson & Horton, 2017; Silva et al., 2013). Key performance outcomes can help
identify events or indicators that attempt to explain successful competitive outcomes. The
adoption of technology, such as Global Positioning Systems (GPS) and improved data capture
systems, and increased availability to researchers of the resulting data has resulted in a
proliferation of research assessing performance indicators and collective behaviour
investigations in team sport (Low et al., 2019) and more recently, AF (Alexander et al., 2019a,
2019b, 2021; Fahey-Gilmour et al., 2019; Fransen et al., 2021a; Sheehan et al., 2019; 2020;
2021a, 2021b). Performance indicators can help explain outcomes by segregating the whole
performance into smaller components and analysing each in context of each other. Whilst they
are reductionist by nature, performance indicators should complement a multidimensional
approach to assess performance. Nonetheless, these sorts of indicators demonstrate what
happened, however they do not consider how or why. To supplement this, information on
collective behaviour can help uncover global patterns and interactions amongst the players’
and team to help provide more precise and objective information on team tactics. With the
evolution of analytical methods to appraise these aspects, such measures are now considered
an important component in team sports (Clemente et al., 2018; Low et al., 2019). Consequently,
assessing performance in team sport and AF should incorporate performance indicators with
measures of collective behaviour. This section describes the research in each of these areas as

it relates to AF.
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Performance indicators can provide useful information to inform tactical strategies for
competitive matches, however, they also provide guidance on areas that should be prioritised
during practice (Robertson et al., 2016). The earliest analysis of performance indicators in AF
was undertaken by Stewart and colleagues (2007) who reported influential statistics that
contribute to a scoring margin across competitive matches from the 2002-2006 AFL seasons.
The variables deemed most important in terms of their influence on game winning margins
were inside 50s, all kicks in general play, short and long kicks and ground ball gets (gathering
the ball). When creating a player evaluation to score margin model, the authors detailed key
variables included a bounce whilst running, kicks that travelled more than 40m, centre bounce
clearances and all kicks in general play. A key caveat to this research identified by Robertson
and colleagues (2016) was the use of performance indicators in their absolute forms i.e. count
values for a given match. Here, Robertson et al. improved the previous research by using
relative values i.e. subtracting an opponents reported value from that of the team in question.
The model outcomes and interpretations improved as the input values are relative to the
opposing teams influence and account for between match changes that may randomly alter
their effect e.g. weather, style of the game. Robertson and colleagues (2016) were able to
correctly classify ~80% of match outcomes across the 2013 and 2014 AFL seasons using only
two indicators: kicks and goal conversion. Other indicators such as inside 50°s and contested
possession were also useful in model classification. The agreement between these two
manuscripts demonstrates the importance of kicks and inside 50’s on match outcome.
Considering the difference in time (and potentially era’s and styles of play) from the respective
seasons analysed, the results may indicate the timelessness of these metrics relative to

competitive match outcomes.

Recently, Woods and colleagues (2017) investigated the temporal trends of key performance
indicators across the 2001 to 2015 AFL seasons. The authors report differing counts of
possession types and indicators of game style (marks, effective disposals, uncontested
possessions, handballs) across different time periods from 2001 to 2015. This demonstrates
that performance indicators can be transient depending on the coaching styles and tactics
deemed to be most important to contribute to successful match outcomes. Other contextual
factors, such as travelling for matches, the number of days break between matches, having an
older or younger team and accounting for opposition strength have all shown trivial to large
effects on match outcomes in the AFL (Fahey-Gilmour et al., 2019; Lazarus et al., 2017;

Robertson & Joyce, 2018). Thus, performance indicators provide useful information for

52



practitioners and researchers in regard to assessing performance in AF. However, such analysis
has two main limitations: 1) they only describe what happened as opposed to how or why it
occurred, meaning that the results may not have a great potential to be modified during training;
and 2) performance indicators have shown considerable variability across time. This second
point makes the addition of collective behavioural measures appealing when analysing match
outcomes as they account for the dynamic nature of performance, as reflected by ED principles
(Silva et al., 2013) and may also show greater levels of consistency across time (Fransen et al.,
2021a). As such, collective tactical analyses can assist with the provision of a greater level of

detail to team performance.

The capacity of tactical analyses to provide enhanced insight is captured by assessing the
interactions amongst teammates and understanding how teams and individuals manage time
and space through their movements (Duarte, et al., 2012; Passos, et al., 2009). As described in
the previous sections, the movement patterns of players and teams emerge under an interaction
of constraints in dynamic environments where players adapt to the positioning of their
opponents, teammates and the ball (Duarte et al., 2013). Whilst performance indicators have
provided useful information about the evolution of AF, such as increased possession-based
strategies (Woods et al., 2017) and an increased adoption of defensive tactics (Pill, 2013),
spatiotemporal tactical analyses can extend this analysis and provide further information. For
example, Alexander and colleagues (2019a) investigated the influence of match phase and field
position on team behaviour in one competitive AFL match for one team. The authors reported
differences in the teams positional length, positional width and surface area in each phase of
play (offence, defence and contest), with phase of play having a larger influence compared to
field position (defensive 50, defensive midfield, attacking midfield, forward 50). Moreover,
players compress the available space and move closer to their own goal when the ball was in
their defensive half (creating higher density in their defensive 50 to reduce the space and
options the opposition can pass and lead to) and pressed higher up the field when the ball was

in their forward half.

Sheehan and colleagues (2021b) used newly derived spatiotemporal and physical metrics to
examine the influence of match phase on physical and spatiotemporal movement behaviour.
These novel metrics indicated that set shots, goal resets and stoppages can be characterised by
superior dispersive coordination (i.e. the total space the team is occupying on the field in

addition to the spread or contraction of the entire team relative to the teams centre/centroid)
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and multidirectional synchrony (i.e. the average position of all players in the team in the
lengthways and widthways of the field) compared to offence, defence and contested phases of
play. The superior values for set shots, goal resets and stoppages are likely reflective of game
rules (e.g. position set ups during a centre bounce stoppage require a higher dispersion of
players across the whole field) and a slowing of the speed of gameplay (i.e. players taking a set
shot are given 30 seconds to do so). These spatiotemporal metrics incorporate common
spatiotemporal metrics such as surface area and stretch index for dispersive coordination and
lateral and longitudinal centroid synchrony for multidirectional synchrony (Sheehan et al.,
2021b). Whilst stoppages (throw ins, ball ups and centre bounces are each types of stoppages
where umpires reset play) are unique to AF in the way that players are actively re-positioning
themselves during this ‘break’ in play, the findings regarding offence and defence are similar
to previous research in association football (Clemente et al., 2018; Vilar et al., 2013). More
recent research in AF has examined team numerical advantages across match phases (offence,
defence and stoppages) and field positions (same as above) (Alexander et al., 2021). Numerical
advantages were associated with greater likelithoods of gaining possession from clearances or
scoring from inside 50’s. Consequently, explorative collective behavioural analyses can help
provide objectivity to team tactics and greatly compliment performance indicators.
Consequently, practitioners can uncover spatiotemporal differences in competitive matches to
help inform representative practice design and manipulate specific constraints to afford the
team and players different opportunities. Readers are directed to Low et al. (2019) for further

reading on specific outcomes from constraint manipulation in association football.

An additional component of collective behaviour analyses incorporates physical exchanges of
information. These analyses have been common in the social sciences, examining things such
as friendships, social interactions and email exchanges in workplaces, to name a few (Sparrow
et al. 2001). These analyses provide detail on the connections and relationships amongst
components in the complex system. Given the ability to capture complex and collaborative
behaviours, social network analysis has been proposed as a useful method to capture collective
behaviour in team sport (Passos et al., 2011; Silva et al., 2013). These networks can be used to
represent passing or shooting interactions as a method to demonstrate how the players and team
connect and cooperate. For example, Braham and Small (2018) modelled passes between

players and play shots at goal as weighted, directed edges. A visualisation is presented in Figure

2.6.4.
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Figure 2.6.4: Player passing and shot network for Hawthorn Football Club during the 2014 grand final (Taken
from Braham & Small, 2018).

These authors reported a method to quantitatively characterise team’s passing strategies and
styles. They detailed that successful teams have better connected networks and a more even
distribution of passes between the players. Young and colleagues (2019) further reported
differences between winning and losing teams across the 2009-2016 AFL seasons for
cooperative passing network analyses. Specifically, edge count and edge density were higher
in winning matches, whilst average path length was lower. This suggests that winning teams
make more effective passes and have a higher number of passing connections amongst the
team, whilst simultaneously having a lower number of passes per possession chain. That is,
more players are involved in a more ‘direct to goal’ passing strategy. At a more microscopic
level, specific passing chains can also be observed. For example, low network density and high
entropy i.e. higher unpredictability in passing network, led to successful outcomes from kick
in possession chains (Taylor et al., 2020). It is evident that cooperative passing networks are
related to successful outcomes in team sports and AF in particular, however, there is a myriad
of network metrics that researchers or practitioners could consider for inclusion in their

analyses.
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The emerging field of research has a range of variables which appear to have been largely
selected as a matter of convenience using subjective methodology (e.g. inside 50s, kicks,
handballs, disposals, clearances, metres gained; Robertson et al., 2015; Woods et al., 2017;
Young et al., 2020), as opposed to more rigorous, objective methods. Whilst the metrics have
shown utility in previous team sport research, the wide array of potential metrics to ‘choose’
from means that the analysis may determine different experimental findings as it only shows
part of the picture. To combat these concerns, Sheehan and colleagues (2019) performed a
principal component analysis on cooperative passing metrics in AF match-play. This type of
analysis reduced the number of variables into three ‘team-related’ and two ‘individual-related’
components. The relationship the team metrics have to performance in the AFL was recently
confirmed by Fransen and colleagues (2021a) who reported a 79.5% increase in the likelihood
of winning an AFL match when there is a one standard deviation increase in one of the
cooperative principal component scores, Connectedness. As detailed by Sheehan and
colleagues (pg. 5, 2019), connectedness is comprised of multiple metrics where higher
connectedness values “signify that most players connect bi-directionally (network density) and
are easily reachable for others (team in- and out-closeness centrality). Additionally, the
negative contribution of team betweenness centrality indicates that lower scores benefit overall
connectedness. A lower team betweenness centrality score signifies that most players within
the network can connect with one another without relying on a linking individual.” Indeed, the
simplified metric broadly showcases how well-connected networks are associated with positive

outcomes in AF.

Collectively, network measures have established their value and importance in AF match
outcomes. Furthermore, the inclusion of passing network metrics in analyses of match
outcomes provide more information compared to purely conventional AF statistics (e.g.
disposals, inside 50s etc), ultimately improving model outcomes and enhancing the
generalisability of these metrics across teams. Here, Young and colleagues (2020) combined
technical and tactical (passing networks) metrics to assess match outcomes in the AFL. Whilst
the authors found comparable classification rates of winning and losing games to previous
literature (Fahey-Gilmour et al., 2019; Robertson et al., 2016; Young et al., 2019), the seven
passing network metrics represented ~55% of total weightings in the model, suggesting an

important contribution even with a lower number of variables compared to technical indicators

(45).
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Nonetheless, whilst providing useful information corroborating findings in association football
(Grund, 2012; Mendes et al., 2018) and basketball (Fewell et al., 2012), the current state of
research speculates on how to achieve favourable outcomes in these metrics i.e. coach tactics
or manipulating practice strategies. Research in association football has reported using the
constraints-led approach to affecting cooperative passing network behaviours. Specifically,
reduced playing space increases the interac