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Chapter I  

General Introduction 

 

 

Thesis Conception 

 

Psychological studies of decision making have a propensity to favor closed 

systems analyses, representative of the classical reductionist scientific method founded 

on a determinate world view (Glimcher, 2005). These types of analyses are exemplified 

in theories of decision-making predicated on the development of mental models to 

frame strategic problems (Maule, Hockey & Bdzola, 2000). They are eliciting 

alternative conceptualisations of processes of cognition and action in dynamic 

performance environments such as the embodied cognition approach (e.g., Varela, 

Thompson & Rosch, 1992; Wilson, 2002; Garbarini & Adenzato, 2004; Holt & Beilock, 

2006).  

For some years apart, a well-liked focus has been on the emergence of cognition, 

decision-making and action during intentional behavior in complex, adaptive 

neurobiological systems functioning in dynamic environments (see Turvey & Shaw, 

1995, 1999; van Orden, Holden & Turvey, 2003). This approach is reveal useful for 

studying decisions and actions of interactive agents in complex organizations by 

integrate ideas from evolutionary biology, complexity sciences, ecological psychology 

and nonlinear dynamics (e.g., for research on sports teams see Araújo, Davids, Bennett, 

Button, & Chapman, 2004; Davids, Button, Araújo, Renshaw, & Hristovski, 2006; for 

an example of research on work teams see Gorman, Cooke & Keikel, 2004). 

Although huge variability and complexity of social interactions in dynamic 

performance environments, theory and experimental evidence points to the existence of 

pattern forming dynamics in interpersonal interactions (e.g., Schmidt, O’Brien & Sysko, 

1999). Organised structure can emerge in interpersonal interactions in team sports 

regulated through embodied perceptual processes, such as perception-action couplings 

and sustain on the dynamics among players cooperating or competing in a dyad or 

group (McGarry et al., 2002, McGarry & Franks, 2007; Araújo et al., 2004; for a 

theoretical overview see Kugler & Turvey, 1987). 
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On previous work Araújo et al. (2002) conceptualized the attacker vs defender 

dyad in basketball as an interpersonal coordination system suggesting that the attacker 

and defender are two components of a complex, dynamical system linked by visual 

informational fields. Araújo and colleagues suggest players decision-making should 

emerge from players’ movements, during a process of searching for an available path 

towards the goal (e.g. to score) acquiring an interpersonal coordination pattern due to 

the formation of a dyadic synergy amongst attacker and defender. Thus decision making 

in team sports of basketball can be conceptualized as an emergent self-organized 

process due to the dynamic interaction amongst two opponent players. 

Under the distinct task constraints of Rugby, many similar instances of 

interpersonal coordination may be observed, e.g. attacker versus defender movement 

patterns near the try line. Task constraints such as the intense physical contact and the 

ball can not be passed forward characterize rugby as a sport with a different functional 

organization than basketball. Additionally the coaching literature in Rugby provides 

detailed descriptions of optimal ways to employ several techniques (e.g. how to tackle 

an opponent; how to pass the ball). However, the pedagogical literature typically fails to 

address how defenders can drive attackers to a contact point, or in other words, how the 

players should successfully interact with his context, namely his opponent.  

Concerning previous work of Araújo et al (2002) we update the methods to 

analyze interpersonal coordination patterns, thus to analyze the trajectory of both 

players in a dyad we used a three-dimensional image measurement technique called 

videogrammetry and for the reconstruction of three-dimensional space (i.e. termed the 

‘resolution stereo problem’) the technique that offers most advantages is the Artificial 

Neural Network. The main reason to perform a three-dimensional analysis was that two-

dimensional analysis methods require that the plane of motion of each subject must be 

preselected, therefore ignoring movements out of the chosen plane.   

The first step in understanding team sports as dynamical complex systems is to 

find simple measures that capture the complexity of the system (Kelso, 1993). To 

achieve this aim, the parameters that best describe interpersonal coordination over time 

need to be discovered, i.e. order parameters (or collective variables) and control 

parameters. The first capture the dynamic behavior of the system, and the second are 

responsible to move the system to a certain coordination pattern. 

However competitive environments in team sports have an intrinsic complexity 

which can be describe and better understand using agent-based models (ABM’s). These 
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models allow the opportunity to simulate a dyadic system behavior under certain task 

and environmental constraints based on simple local interaction rules. Through 

simulation it is possible to test (i.e. manipulate) what are the most accurate variables 

that describe and influence the dyadic attacker-defender system as well as searching for 

clues on how to manipulate tasks constraints on real world competitive settings in order 

to improve players’ decisions and actions. Based on the data of the collective variable 

(i.e. order parameter) and control parameters we are able to construct and develop an 

agent-based model that simulates the dyadic patterns that emerge due to self-

organization in attacker-defender Rugby dyads. 

In the present research, we attempt to explain how the decision making can be 

attributed to the dynamics of the subject– environment interaction (e.g. a player in team 

sport of rugby and his opponent) under task and environmental constraints contributing 

to a consistent theoretical framework for understanding decision-making, such as the 

one proposed by Warren (2006).  Subject–environment interactions give rise to 

emergent behaviour that has a dynamics of its own, which Fajen and Warren (2003) call 

the behavioural dynamics. 

Notwithstanding the huge complexity at the level of the interacting components, 

dyadic system behavior (i.e. attacker-defender dyadic system) as a whole can be 

described in terms of low-dimensional order parameter dynamics. Following this queue 

of analysis to formally model the behavioural dynamics of an attacker-defender dyadic 

system in rugby differential equations can be used to describe the overall behavior of 

the system, and potential functions capture the long-term behavior of the dynamics 

underlying the system’s behavior. 

Finally from an applied perspective the present research raise important 

questions about the methods used to train decision making in team sports like rugby 

union. 

Competitive team games are not stable contexts in which information is certain. 

In contrast, successful players need to adapt their actions to the dynamically changing 

environment that characterizes the typical team ball game. Despite the usefulness of 

traditional training methods at particular periods of the competitive season, we will 

argue that these kinds of methods are not enough to prepare the players for the non-

linear characteristics of a competitive match. We pose the related question: Why do 

traditional training methods in team ball games typically prepare players for the 
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certainty of their actions (i.e. consistency as Handford (2006) termed it) instead of 

preparing them for game uncertainty?  

The problem with this traditional theorizing is that competitive performance 

environments are uncertain and unpredictable at all skill levels, from novices to experts, 

characterised by sudden, unexpected and rapid changes in the vast amount of 

information available from the movements of the ball, team-mates and opponents. This 

issue raises another question: How can we successfully prepare the players and the 

teams to cope with the uncertainty present in team games? 

To give answer to these questions a different theoretical framework may be 

needed to explain perception, decision making and action in humans in such complex 

performance environments. To face this issue we propose a performer-environment 

interaction-based approach rather than a traditional performer-based approach (Araújo, 

Davids & Hristovski, 2006). 

The main message underlying this theoretical framework is that all the tasks in a 

training session should aim to attune key perception-actions couplings in performers. To 

achieve this aim, the information available to be actively explored by players during 

practice must closely bear a resemblance to the same task and environmental constraints 

faced in competitive settings (Araújo, Davids & Passos, 2007). 

 

Thesis General and Specific Goals 

 

 The general aim of this ongoing research program is to seek a lawful account of 

decisional behavior in 1vs1 dyadic system in Rugby Union at a functional level. 

From the analysis of the conventional methods to assess sport performance an 

important question is posed: How can sports contests be interpreted as dynamical 

complex systems and with an applied methodological mode of functioning based on 

discrete cognitive approaches? To answer this first question the second chapter had 

three aims: i) to identify phase transitions in a team ball sport with different task 

constraints to basketball. To achieve this aim we used sub-phases of the sport of rugby; 

ii) to present a 3D analysis of interpersonal dynamics of attacker-defender dyads in 

rugby; and iii), to identify parameters to measure dynamical systems properties in these 

dyads.  

 The previous chapter creates the basis for the aims of the third chapter: To study 

pattern forming dynamics in team sports under different task constraints and to find 
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relevant order and control parameters which accurately describe dyadic system 

behaviour. More specifically, the aims for the third chapter were: i) identify the 

collective variable that capture the dynamic behavior of attacker-defender dyads in 

rugby union; ii) characterize the pattern forming dynamics for the different coordination 

patterns (e.g. try or tackle situations).  

In the rational sequence of analysis in dynamical systems the aim of the fourth 

chapter was to identify potential control parameters that move the system to different 

coordination patterns.  

 In the fifth chapter due to the embedded complexity of competitive performance 

settings where multiple variables interact to produce multiple effects, it is useful to 

adopt a methodology that aim at simulating behavior of complex dynamical systems 

(e.g. team sports) on a virtual environment. On any given biological system in nature 

there is an increase difficulty to manipulate variables and parameters, especially because 

in most of the systems the parameters are not known. On this fifth chapter we had three 

aims: i) to create and develop an agent-based model to reproduce the general features 

that emerge due to an interdependency of decisions and actions within a given attacker-

defender dyadic system; ii) make use of virtual environments to search for variables and 

parameters that might use to formally model dynamic behaviors, and iii) manipulate 

constraints (e.g. such as field dimensions) and key variables (e.g. such as potential 

control parameters) and analyze how the dyadic system behave.  

In the sixth chapter we aim to formally model a three attractor’s task to attacker-

defender dyadic system in Rugby Union.  

 

Structure of the Thesis 

  

 This first chapter is a review of the methodologies used to assess sport 

performance, much focus on the usefulness and gaps of the notational analysis systems. 

We identify some issues that needed to be addressed and bridging those issues in order 

to improve research on interpersonal coordination and decision making in sport 

competitive performance settings.  

The second chapter focus on a different methodology to research interpersonal 

coordination and decision making in team sports of rugby union. Videogrammetry 

techniques, digitizing software and artificial neural networks were used to analyze from 

a three dimensional perspective sport performance in 1vs1 in rugby union.  
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 In the third chapter and sustain by the data from the collective variable we 

propose a conceptual model of interpersonal dynamics, in 1vs1 attacker-defender dyads 

which can be used to describe emergent decisions and actions in different group 

performance contexts such as team sports. The analysis of the collective variable used 

nonlinear tools to analyze sport performance such as, phase space analysis and 

approximate entropy. 

In the fourth chapter we observe the influence of two candidate control 

parameters, interpersonal distance and relative velocity, on attacker-defender dyadic 

systems in the performance context of rugby union. In order to search for different 

relations amongst the nested control parameters and the three coordination patterns (i.e. 

clean try; effective tackle; tackle but the attacker passes the defender) we plot the 

relative velocity as a function of interpersonal distance to analyze the relationship 

between this two nested potential control parameters. 

The possibility to simulate on a virtual environment a dyadic system behavior 

under certain task and environmental constraints gave us clues on how to manipulate 

those tasks constraints on real world competitive settings in order to improve players’ 

decisions and actions. What we purpose on the fifth chapter is to create an agent-based 

model based on local interaction rules that simulates the dyadic patterns that emerge due 

to self-organization from the interaction amongst players on attacker-defender Rugby 

dyads. To test ABM external validity the model data were compared through a 

qualitative analysis with the real world data. The procedures for this qualitative analysis 

were based on the calculus of the collective variable values and phase space plots for 

the model and real world data. 

 To formally model the behavior of an attacker-defender dyadic system in rugby 

we propose a model with three attractors. Differential equations, describing the behavior 

of the collective variable over time and a potential function with both control 

parameters (i.e. interpersonal distance and relative velocity between the attacker and the 

defender) were used.  

 Finally, sustain on the findings from our research and using the constraints-led 

premise (e.g., Davids et al, 2001; Araújo et al, 2004; Davids et al., 2007) as a theoretical 

background, in the seventh chapter we outline a nonlinear pedagogy for manipulating 

key constraints to improve decision making in rugby union. 

 


