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Chapter IX 

General Discussion 

 

 

Questions and aims 

 

This thesis was sustained on the question of why some individuals and sport 

teams achieve success. This is a broad question that can easily be founded in the research 

literature. The methodologies used to studied sport performance have been established to 

compare the actions of successful and unsuccessful teams and athletes, and the outcomes 

include a range of statistical data of discrete actions that teams and players perform 

during competition (see Hughes and Franks, 2004). The data typically inform “what” 

happens, and not “how” and “why” it happens. However the dynamical nature of 

performance on team sports makes that decisions and actions are constrained by the 

previous ones, and these will constrain the next decisions and actions. Therefore discrete 

actions will only tell us “part of the history”.  The “complete history” is only available if 

we adopted a performance analysis based on the interpersonal relationship of the subjects 

(i.e. the players) involved in a competitive match on each moment on time, not just in 

certain moments of a match. The aim is to describe what are the key variables and 

parameters that led the players to certain decisions and actions. In this line of analysis the 

dynamical approach to decisions and actions in team sports, led us to a particularly 

interesting question concerning the parameters in the organization of attacker-defender 
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interactions that afford maintaining or changing their functional organization: what 

properties of dynamical complex systems could be found in sub-phases of team sports 

games such as attacker-defender interactions in rugby union?  

In this line of reasoning, the first aim of our study was to identify dynamical 

systems properties (e.g. phase transitions) in a team ball sport with specific constrain. 

This implies that the previous studies in basketball (Araújo et al., 2004) may not be 

generalisable to rugby. Our second aim was to develop a methodology that allows a 

continuous analysis of interpersonal dynamics of attacker-defender dyads in rugby. This 

methodology was particularly needed, once the previous analysis were made in 2D in the 

horizontal plane (e.g., Araújo, Davids & Hristovski, 2006), but the vertical plane and 3D 

were of particular relevance for Rugby.  

 

Methodology 

 

 To achieve these goals we developed a methodology based on videogrammetry to 

collect data from the performance field, we also used a software to digitized and convert 

the images in to numbers, and artificial neural networks (ANN) to solve the stereo 

resolution problem (i.e. convert time series data from two video cameras to three 

dimensional real world coordinates, x, y, z). The data confirmed that the ANN is a 

reliable tool for reconstructing a 3-D performance space, allowing a more complete 

analysis of sport performance. This is a suitable method for improving the analysis of 

decision making and actions in sports tasks. The results revealed experimental evidence 

about the existence of phase transitions in rugby dyads, and additionally raised some 



Chapter IX                                                                                                 Discussion - 152 

issues that led us to propose a conceptual model that describe the dynamical behavior of 

attacker-defender dyads in rugby union.  

 

The Conceptual Model 

 

 The issues in the origin of our conceptual model are i) related to a chaotic feature 

of the attacker-defender dyadic system, namely the sensitivity to initial conditions. We 

argue that dyadic system initial conditions are set from the moment that second order 

constraints emerge due to a decrease on the interpersonal distance creating a context 

dependency of decisions and actions (i.e. second order constraints emerge when the 

attacker and defender decisions and actions are no longer independently. In other words, 

from a certain interpersonal distance apart every decision and action of a player will 

constrain the decisions and actions of his opponent, on a continuous fashion), thus initial 

conditions are never the same, and consequently the final outcome is unpredictable; and 

ii) due to the dynamic behavior that emerge from attacker-defender interactions, and 

despite the huge amount of variability on trajectories that both players might perform, the 

dyadic outcome will always be attracted to one of the three coordination patterns 

previously presented (please see chapter 4). The three chaotic features, namely the 

sensitivity to initial conditions, the nonlinearity and the unpredictability of dyadic 

performance outcome are in the origin of a conceptual model that suitable describe the 

1vs1 dyadic behavior in rugby union with three coordination patterns hypothesized as 

attractors states towards which the system components (i.e. the players) might converge 

over time. 
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Collective Variable and Attractors 

 

 The conceptual model needs to be grounded on empirical data. The first step to 

model measurement was identifying a collective variable or order parameter. The 

collective variable was calculated based on the angle performed by the defender-attacker 

vector with an imaginary horizontal line parallel to try line. The origins of this collective 

variable are grounded on the reasoning that we needed a variable that tell us if the dyadic 

system kept his initial structure (i.e. the defender remain as the closest player to the try 

line) or if and when this initial structure was broken and the attacker become the player 

closest the try line. As the attacker was the player that tries to avoid the contact, and the 

defender aim to tackle the attacker it seems reasonable that the vector between attacker 

and defender has his origin on the defender. As a result of the players’ interactions, the 

defender-attacker vector will change over time, with the values of this angular 

relationship providing a potential collective variable to capture system behavior (i.e. to 

acquire information of the system dynamical features, (e.g. players relative position) that 

allow an accurate description of the state of the system on every moment on time) .  

 Following this, our results suggested that from a qualitative point of view, it is 

possible to identify i) four phases of a self-organize process; and ii) three different 

coordination patterns hypothesized as attractors. Data indicated that decision-making in 

rugby union, exemplified in 1 vs 1 situations, can be characterized as a self-organized 

process depending on the specific ongoing interactions between an attacker and a 

defender in the dyad.  
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Collective variable patterns successfully described the nonlinear interactions that 

occurred between the attacker and defender of the dyadic system. These nonlinear 

interactions created fields of information that drove the system to a basin of attraction 

with three possible attractor states, a so-called metastable region of self-organizing 

criticality (Kelso, 1995; Kauffman, 1993). 

 

Nested Control Parameters, Critical Periods and Criticality 

 

To go beyond this stage, our focus was on identifying potential control parameters 

that move the system to one of the three coordination patterns. The term potential was 

used to highlight that this is an open process. The data displayed important features of 

this two nested control parameters that seems to describe properly why the dyadic 

attacker-defender system is moving to a certain coordination pattern (e.g. try or tackle). 

However as in any biological system in nature the dyadic behavior suffer the influence of 

multiple causes which might function as control parameters, which means that other 

potential control parameters which we are not able to identify with our methodology (e.g. 

due to high technology requirements) are also influencing attacker-defender dynamic 

behavior. 

However the data highlight the nested interactions between two potential control 

parameters, the interpersonal distance and the relative velocity between attacker and 

defender. They support the existence of critical periods which have been observed and 

defined as brief windows during which a system’s organisation is most open to 

modification from external and internal influences (Anderson, 2002). The results of our 
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study suggested that in the dynamic behavior of attacker-defender dyads, a critical period 

influencing the stability of the dyadic system over shorter timescales (i.e. seconds or 

fractions of a second) emerged at around 4 m of interpersonal distance during which 

changes in relative velocity had greatest effects on system organisation.  

Critical periods in attacker-defender interactions were surrounded in the region of 

self-organising criticality when the dyadic system was most open to constraints. This 

region of criticality is where the dyadic system poised for a transition; this means that the 

system is entering in a region where the nonlinear interactions amongst components will 

move the system to a certain coordination pattern. We may suggest the self-organizing 

criticality as a region where the basin of attraction is shaped, and one single solution will 

emerge as the final outcome. Critical periods are ‘open windows’ to the regions of self-

organizing criticality. In other words critical periods are very brief moments on time and 

space that afford the players to explore a path to maintain a goal direct behavior. The 

decisions and actions of both players move this dyadic system entering in the region of 

criticality emerging one of the three coordination patterns. An example of a critical 

period is the moment (i.e. sustain by the data this moment encompassing the 4m of 

interpersonal distance)  that the attacker increases his running line speed creating a 

difference on relative velocity, if the attacker is succeed the dyadic system will enter in a 

region of criticality which is usually consistent with a clean try situation. However if the 

attacker was not succeed, this was due to the defender use of other critical period (i.e. 

other moment in time and space), by increasing his running line speed and influence the 

attacker to decrease his velocity (due to a slowing down or a change in running line 

direction). We argue that in this case the defender can counterbalance attacker’s decisions 
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and actions moving the dyadic system towards a region of self-organizing criticality 

which is usually consistent with an effective tackle situation.  

 The chaotic features of the dyadic system behavior that are in the origin of the 

conceptual model, and the nested control parameters that move the system to regions of 

self-organized criticality are underlying principles of complexity in dyadic systems. To 

describe and understand the inherent complexity of these dyadic systems we need to 

search for variables and parameters that accurately capture system behavior. Develop 

sustained on simple local interaction rules, agent-based models can be very useful 

functioning as a tool that allow us to search on a virtual environment key variables and 

parameters (i.e. collective variable and potential control parameters) that suitable makes a 

better understand of dynamical systems complexity. The knowledge acquire from the 

exploratory process with agent-based models might produce suitable insights to be used 

on applied and research settings, such as, what are the most proper variables to be used 

on a formal mathematical model. 

 

The Formal Model 

 

 The next step was to formalize the dyadic behavior trough a mathematical model. 

The mathematical model formalized the attacker-defender dyadic behavior within the 

region of self-organizing criticality using two conceptually and experimentally nested 

control parameters in a dissociative fashion. To strength this previous argument, the 

simulated data are consistent with the experimental data. Which means that it is possible 

to formalize a dynamic behavior using conceptually and experimentally nested control 
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parameters in a dissociative manner (i.e. in the model the control parameters work 

independently).  

 

Main Findings and Discussion 

 

These results are quite dissimilar from those obtained in conventional 

experimental and theoretical paradigms for studying decision making in team sports, 

which typically focus on internal models to make decisions rather on the performer-

environment couplings. The nested control parameters emerge from the dynamic 

behavior created by players in interaction in a competitive setting. This means that it is 

the performer-environment coupling that geared the most relevant information (i.e. the 

information from the nested control parameters) that moves the dyadic system to a certain 

coordination pattern, rather than internal models sustain on each subject past experiences.    

Our findings suggested how decision making in attacker-defender dyads near the 

try area in the team performance context of rugby union may be characterized as an 

emergent process, governed by laws of dynamical systems at the ecological scale 

analysis. Additionally our research in the performance context of team sports exemplified 

how Kauffman’s (1993) model of co-evolving agent adaptation can serve as a sound 

theoretical basis to observe emergent decision making in the dynamics of interpersonal 

interactions in complex social systems, such as team sports.  

 Our findings suggested that complex social systems, such as team sports may be 

difficult to control with hierarchical modes of decision making, planning and 

management. The most significant informational constraints for decision making and 
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controlling action in dynamic environments (e.g. such as a Rugby match) are those which 

emerge during ongoing performer-environment interactions, not information from past 

experiences stored as representations in the brain (Araújo, Davids & Hristovski, 2006; 

van Orden et al., 2003). The data suggested that the sensitivity to initial conditions is set 

from the moment that decisions and actions become context dependent. Moreover from 

this moment apart the dyadic system will evolve towards a stable state (i.e. an attractor) 

sustain by information created by the system itself (i.e. the system self-organize), this 

self-organize feature sustain dyadic system nonlinear behavior, as well as the 

unpredictability of the performance outcome. This idea shows how deterministic 

solutions such as planning of actions based on past experiences represented in players’ 

minds are unlikely to provide the adaptive behaviours needed to cope with dynamic 

performance environments. Accordingly with this experimental evidence we suggested 

that leaders of practice settings (i.e. coaches, teachers) should avoid attempting to 

‘control the uncontrollable’ by trying to eradicate variability in decision making and 

actions of individual players.  

 

Applied Perspective 

 

  From an applied perspective the data highlight that the critical issue is to improve 

players’ decision making that allows them to succeed in de-stabilizing an “unwanted” 

dyad. In this line of reasoning, training programs designed to enhance decision making in 

complex dynamical systems should aimed to attune players’ perception-action couplings 

to take profit of the time and space critical periods affordable in competitive settings. 
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This means that players must be aware to the most relevant sources of information that 

allow them explore throughout the action perceptual variables of time and space in order 

to take advantage of the critical periods over his opponents.  

 To train decision making we suggested the adoption of a nonlinear pedagogical 

methodology that aimed to improve decision making skills of players under practice task 

constraints that provide an accurate balance between variability and stability. For 

nonlinear pedagogical methodology we mean to promote training sessions through an 

exploitation process confronting players with variability in practice that allow them to 

seek unique performance solutions. The term nonlinear is applied due to exploitation 

process that promotes the emergency of nonlinearity on players’ behavior searching for 

single performance solutions. These practice tasks should simulate very closely many 

different competitive situations that are likely to be faced. For simulating we mean that 

tasks and environmental constraints used to build practice tasks should allow players to 

actively explore the same perceptual variables that will encounter in competitive settings 

Finally, despite the stability imposed by their goals and roles, players should be provided 

with opportunities to exploit the “order for free” that is available in many team ball 

sports. The most relevant information that a dynamical system needs to self-organize to 

search for a single solution as a stable state of order (i.e. a coordination pattern) is 

available in the performance context; this is what we mean as “order for free”. In other 

words the “order” that a dyadic system needs to maintain a goal direct behavior and reach 

a stable state (i.e. an attractor; a coordination pattern) is “out there” in the performance 

competitive setting ready to be explored. This “order for free” exploitation trough action 

process moves the system to the critical periods and consequently to criticality, a 
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necessary feature for every dynamical complex system to evolve. This practice will allow 

them to enlarge tactical understanding of benefit in competitive matches.  

  

Future Research 

 

 These data highlight further research to characterised critical periods of collective 

decisions, extending this method to situations that involve more agents (i.e. forming 

micro units of 2, 3 or 4 players) in sub-systems interactions (e.g. sub-phases of 2v1; 3v2; 

4v3). This involves a general question: how the information in a competitive setting is 

shared by the players in the micro unit allow them to decide and act successfully? This 

general question led to a behavioral issue that needs to be addressed: i) how does the 

players interact on this micro units emerging intrateam coordination patterns that make 

them succeed in face of the opponents?; this issue demands the search for collective 

variables and the potential control parameters that move this systems to region of self-

organizing criticality. 

To addressed this issue we may suggest a methodology sustained on previous 

work in biological systems from Couzin, Krause, Franks and Levin (2005) with fish 

schools when they “account the ability of grouping individuals to modify their motion on 

the basis of that local interactions (social interactions)” (Couzin et al, 2005, pp. 513). 

Following Couzin et al (2005) ideas these social interactions could be calculated for each 

subject (i.e. the players) using a position vector, a direction vector, and speed. 

Additionally each subject within the group attempts to maintain a minimum interpersonal 

distance (i.e. acquire a relative position that allow him to successfully receive the ball or 
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support the ball carrier), which means that each player will be attracted towards the 

closest player, this implies the existence of an attractor, however collision amongst 

subjects within the same group should be avoid, keeping personal space available to be 

explored (e.g. the space needed to change a running line; or to accelerate to receive the 

ball running causing difficulties on the defender tackling action), we hypothesized the 

existence of a minimum interpersonal distance to be succeed on this actions, which 

implies the existence of a repellor. 

In biological systems (e.g. school fish; marching locusts), within the group, a 

proportion of individuals gave information to the others to maintained a preferred 

direction towards a goal direct behavior. Collective decisions in team sports demand a 

share of the information available in the performance context. Social interactions 

amongst team members propagate that information. We can create an example for the 

rugby, sustained on the perception and action couplings established with the defenders, 

the ball carrier has preferred information that propagate directionally through a 

behavioral interaction with his own support players (i.e. team mates that follow the ball 

carrier, acquire positions one at the left side, one at the right side, and one axial support at 

the rear, forming a diamond shape micro unit) (Grunbaum, 2006). It is the ball carrier that 

will explore the affordances available in the context. Sustained by the interaction (i.e. 

information) that will set with the defenders the ball carrier will acquire a certain running 

line that allow is team to be succeeded. What behavioral interactions are involved in this 

transfer information from the ball carrier to the support players? The methodology 

previously presented from the work of Couzin et al (2005) in conjunction with the 

methods used in our research to analyze dyadic behavior in rugby union could the basis 
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of an accurate tool to answer this question. Using the insights of Grunbaum (2006) also 

with biological systems the author identify two transitions in the grouping pattern 

formation that could be applied to team sports, i) the first transition is related with the 

process of forming groups, this transition is related with group density, from a certain 

distance apart there is no grouping, with the decrease of interpersonal distance amongst 

players in the neighborhood the group is gaining coherence; this raise a question: what 

are the underlying mechanisms that led to the forming of coherent group of players (e.g. 

micro units of four players in diamond shape) during a match? ii) The second transition is 

related with a “high directional persistence” (Grunbaum, 2006, pp. 1321). If there is no 

opponents the micro unit of four players acquire the shortest path to the try line (i.e. a 

straight line), however when the defender disturb the stability of this micro unit (i.e. 

tackling the ball carrier aiming to recover the ball to his team) it is interesting to note how 

this sub-system self-organize to maintain a goal direct behavior (i.e. to reach the try line).  

Bridging these ideas with the results of our research, we suggested that the step 

further should be on identify for collective decisions and actions critical periods and 

regions of self-organize criticality. To achieve this aim we need to search for collective 

variables as well as control parameters, and the Couzin et al (2005) ideas it seems to 

accurately fit on our proposals.       
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