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Unified framework for the study of sport-related behavior 
 

 

The present thesis comprises seven chapters. The first chapter contains a general 

introduction of the thesis, and chapters 2, 3, 4 and 5 compile four studies with their own 

references. Chapter 6 includes the general discussion of the main results, and the 

conclusions. Chapter 7 contains the list of references of chapters 1 and 6.  
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A high disciplinary specialization and development of context-specific languages in 

sport science has promoted its current fragmentation and a lack of communication and 

transfer of knowledge among scientists. However, common general principles can be found 

among apparently unrelated disciplines and phenomena under study when the focus is put 

on the processes and dynamics of change. In fact, dynamic approaches are changing the 

research scenario in areas as distant as biology and social sciences, among others. The 

Nonlinear Dynamical Systems Theory (NDST), which has already undertaken a paradigm 

shift in several scientific fields, has been recently applied to the study of human 

coordination and sport-related behavior. This theory offers key concepts and a common 

language which can provide a unified framework for sport science (and for science in 

general), and thus, contributes to promote transdisciplinarity.  

The objective of this thesis is to show how seemingly unconnected sport-related 

behavior extracted at individual and social levels can be studied by using the same dynamic 

principles and concepts. Several experiments where different collective variables are tested 

under the influence of different types of constraints are presented. Concerning the 

organismic level, the evolution of the performance level in function of the workload was 

modelled, and the dynamics of kinematic and psychological variables during static and 

dynamic exercises performed until failure was analysed. Concerning the social level, the 

attitudes of sport fans in connection with the number of wrong referee decisions were also 

studied. The results show how all these collective variables share common dynamic 

features such as stability, instability and nonlinear change of state, regardless of the level 

and time scale of analysis. In conclusion, the NDST can provide a unified framework to 

study different types of sport-related phenomena and thus contribute to the integration of 
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scientific knowledge and facilitation of the transfer of theoretical explanatory principles 

among disciplines.  

 

RESUM 

 

L’elevada especialització disciplinar i el desenvolupament de llenguatges 

dependents de contextos específics en el marc de les ciències de l’esport ha promogut 

l’actual fragmentació i manca de comunicació i transferència de coneixement entre 

científics. No obstant això, quan l’atenció es posa en els processos i les dinàmiques de 

canvi, es poden trobar principis generals comuns entre disciplines i fenòmens aparentment 

no relacionats. De fet, els enfocaments dinàmics estan canviant l’escenari de recerca en 

àrees tan distants com la biologia i les ciències socials, entre d’altres. La teoria de sistemes 

dinàmics no lineals (TSDN), que ja ha emprès un canvi de paradigma en molts camps 

científics, ha estat recentment aplicada a l’estudi de la coordinació humana i el 

comportament relacionat amb l’esport. Aquesta teoria ofereix conceptes clau i un 

llenguatge comú per proporcionar un marc unificat per a la ciència de l’esport i per a la 

ciència en general, contribuint a promoure la transdisciplinarietat.  

L’objectiu de la present tesi és mostrar com fenòmens aparentment inconnexos 

relacionats amb l’esport i extrets a nivells individual i social poden ser estudiats utilitzant 

els mateixos conceptes i principis dinàmics. Es presenten diversos experiments on diferents 

variables col·lectives són testades sota la influència de diferents tipus de constrenyiments. 

A nivell de l’organisme, es va modelar l’evolució del nivell de rendiment en funció a la 

càrrega, i es van analitzar les dinàmiques de variables cinemàtiques i psicològiques durant 

exercicis dinàmics i estàtics realitzats fins a l’exhauriment. A nivell social, les actituds de 

fans en funció del nombre de decisions arbitrals errònies van ser també estudiades. Es 
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mostra com totes aquestes variables col·lectives comparteixen dinàmiques comuns que es 

caracteritzen per l’estabilitat, inestabilitat i el canvi d’estat no lineal, independentment del 

seu nivell i escala temporal d’anàlisi. En conclusió, la TSDN pot proporcionar un marc 

unificat per estudiar diferents tipus de fenòmens relacionats amb l’esport, i contribuir així a 

integrar el coneixement científic i facilitar la transferència de principis teòrics explicatius 

entre disciplines.  
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The search for minimum principles that explain the maximum number of 

phenomena is a tacit motive in science. However, the high disciplinary specialization and 

the development of context-specific languages have entailed a lack of communication and 

transfer of knowledge among scientists (Hristovski, 2013).  

In the past, there has been growing success in modelling and explaining different 

levels of matter organization by common universal concepts. The initial ideas of Newton to 

integrate different phenomena such as celestial mechanics, earthly tides and falling bodies 

into the law of universal gravity could be the beginning of this trend. Maxwell followed 

him unifying the apparently distinct phenomena of electricity and magnetism into a unified 

electromagnetic theory. Einstein unified the notions of space, time, matter, energy and 

gravity into an even more general theory and started a program of unifying the fundamental 

forces of nature in a framework today known under the name of “The Grand Unifying 

Theory” (GUT). Other types of unifying approaches in physics and chemistry have 

followed by using similar formalisms and explanations based on mathematical approaches 

(Landau, 1969; Haken, 1964; Wilson, 1975; Glansdorff & Prigogine, 1971). Although 

integration has been proved as a successful strategy for the scientific development, the 

tremendous growth of science has mostly produced further specialization and fragmentation. 

In addition, contemporary education, based on a fragmented structure of topics, contributes 

little to the development of the integrative competencies and knowledge considered 

essential for science and society.  

According to recent research results, the fragmentation tendency has been 

particularly evident in sport science during the last decades (Hristovski, et al., 2016). The 

focus of each discipline on different levels of organized matter produces that the 

phenomena under study seem almost totally unconnected. A special case is the distance 
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among biology and social sciences, apparently incommensurable. Nonetheless, from a 

complex systems point of view it is known that there are commonalities among the 

behavior of biological and social systems. The common principles can be found when the 

focus is put on the dynamics, i.e., in the process that describes and explains how 

coordinated behavior emerges, persists, adapts and changes in a variety of systems 

operating at multiple levels of description (Kelso, 1995). In fact, there are commonalities 

between the diversity of dynamic processes dwelling on different levels and time scales in 

biological and social entities because they are embedded in similar dynamic laws (Eissing 

et al., 2011). As our world is made of dynamic processes and not of timeless structures, it 

naturally follows that it is better explained by Nonlinear Dynamical Systems Theory 

(NDST) approaches, and that the NDST general principles and concepts may become an 

integrating language for science, and sport science in particular (Hristovski, 2013). The 

NDST approach is useful to build a unifying framework in sport science because it has 

changed the research in a number of areas and has introduced general concepts which are 

valid for all levels of analysis (from molecular to social).   

At the end of the ‘70s, the first works applying NDST principles to animal and 

human movement organization (Kelso, Southard & Goodman, 1979, Kugler, Kelso & 

Turvey, 1980) appeared. These early works provided a fruitful perspective for the study of 

the human movement and a systematic research was established through the called 

‘coordination dynamics approach’ (Kelso, 1995). This approach, which has been already 

applied to diverse sport contexts and sport related phenomena (see Balagué, Torrents, 

Hristovski, Davids & Araújo, 2013 and Balagué, Torrents, Hristovski, & Kelso, 2016 for a 

review), use NDST principles, and specifically Haken’s synergetics theory, to study 

functional significant patterns of coordinated behavior such as moving, perceiving, feeling, 
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thinking, deciding, learning, etc. (Kelso, 1995, 2009). The studies showing the integration 

of biological systems in the vertical axis (at different levels and time scales) are of 

particular interest. For instance, Balagué, Hristovski, Vainoras, Vázquez and Aragonés  

(2014) show how the dynamics of psychological and kinematic collective variables is 

reproduced in the path to exhaustion, and Ric et al. (2016) have identified the dynamics of 

tactical behaviour in soccer on different time scales. As the previously mentioned research, 

this thesis uses a set of concepts based on NDST principles that will be defined in the next 

section. 

 

1.1. NDST concepts 

Living systems are composed of many heterogeneous components that interact 

among themselves and, as a whole, interact with their environment. The macroscopic 

variables that are essential for describing the coordinated behavior of such systems are 

called collective variables because they emerge from the cooperative behavior of 

components. We also refer to them as ‘order parameters’ or ‘coordinative variables’ 

because they capture the coordinative behavior of the system components.  

For a given set of constraints (i.e. influential factors), the dynamic behavior of the 

system, represented by the trajectory of the collective variable, might converge in their 

evolution to a stable state and dwell in such state infinitely. The stable state is called 

attractor, because it attracts the behavior of the collective variable towards it (see Figure 1). 

Its antipode is the unstable state called repeller (Figure 2). If for a set of constraints the 

collective variable is placed close to the repeller, the system will be pushed far away from 

it  
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There are two broad classes of dynamical systems: linear and non-linear. Linear 

systems are monostable, i.e., the evolution of the behavior of the collective variable on time 

 Figure 1. The attractor (the minimum of the potential function V) represents 

the stable state of the collective variable X. The area around the attractor (the 

function V given as a bold curve) is the basin of attraction. Each point in the 

basin of attraction represents the state of the system (black ball), which will be 

spontaneously pulled towards the minimum, i.e., the attractor (see the arrows).  

 

 

 

 

Figure 2. A repeller (the maximum of the function) represents an unstable 

state of the collective variable (X). If the system is put at any point on the 

potential function (black bold curve) it will slide towards plus or minus 

infinity. This state being unstable cannot exist.  
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converges into one stable solution (Figure 1). In this kind of systems, the dynamics (i.e. the 

rate of change in time) of the collective variable will be proportional to the change in the 

constraints, i.e., a small change in the constraints influencing the collective variable will 

produce a small change in the collective variable behavior, and a large change in the 

influencing set of constraints will produce a large change in the collective variable 

behavior (Hristovski, Balagué & Schöllhorn, 2014). Nonlinear systems, however, are quite 

different because they may contain stable and unstable states (Figure 3), i.e., they enable 

multi-stability for a given set of constraints.  

 

 

Such multi-stability can be reached by changing the value of some constraints that 

influence the behavior of the collective variable. Therefore, nonlinear systems enable other 

behavioral finite states of the collective variable instead of containing only one solution. In 

other words, the stable states often coexist with unstable states (see Figure 3). Having more 

Figure 3. Bistability in a non-linear system and coexistence of unstable and stable 

states (repellers and attractors) of the collective variable X. Note that the situation 

is different than in Figure 1 and 2. If we position the system at the reppeller point 

it will not be attracted towards plus and minus infinity but towards a finite state 

(one of the symmetric states around 0). The non-linearity enables multi-stability. 
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than one available state, the non-linear system allows for a switching dynamics among 

these states (Figure 4). This capacity of non-linear systems is called metastability (Bovier & 

den Hollander, 2015). There are many mechanisms that produce metastability. The one 

represented on Figure 4 is metastability under presence of disturbances (fluctuations). In 

this case the disturbances are the ones that push the system from one stable state to the 

other. For other, more involved, types of metastable dynamics see (Bressler & Kelso, 2001; 

Rabinovich, Huerta, Varona & Afraimovich, 2008). 

 

 

In general, the stability and instability of the system depend on the influence of a set of 

constraints. These influential constraints (or their combination) are known as control 

parameters because they control the system properties (stability and instability). While 

stability is defined as the capacity of the system to recover its attractor state after a 

Figure 4. Metastability in a potential landscape V. Under a presence of disturbances 

the system can switch from stable state A to stable state B of the collective variable X 

and vice versa. One can imagine a landscape with more than two stable states and 

more collective variables. The potential landscape shows multistability, but under the 

presence of disturbances the dynamics is metastable. 
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perturbation, instability means the inability of the system to recover its attractor state. As 

the control parameters come closer to some critical value, there is an increase in the 

fluctuations (variability) of the collective variable, and it takes increasingly more time for 

such variables to recover its attractor state after a perturbation. This phenomenon is called 

critical slowing down (Figure 5).  

 

 

Both the increase of fluctuations and the critical slowing down reflect the loss of the 

cooperative behavior among the system components in unstable states. At a critical point, 

the previous order of the collective variable decays and a new order starts to be formed 

(Figure 5). This event is called a phase transition and lasts for a very short time compared 

to the time during which the system was in a stable state.  

Figure 5. Critical slowing down and loss of stability (phase transition). As the control 

parameter K approaches the critical value K = 0 from negative values K<0 we see that 

the collective variable X relaxes toward the stable state X = 0 after a perturbation (given 

by the upward arrow in the interval -1 < t (time) < 0) increasingly slowly. For K = -1 it 

quickly recovers the stable collective state X = 0, but for K = -0.05 the recovery towards 

the stable state is much slower. Finally, for K = 0.05 (a slightly larger value than the 

critical K = 0) the system never recovers the X = 0 collective state. It transits to the 

newly stabilized collective state X  = 1. 
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During the phase transition the cooperative behavior of the system components 

changes and enhances the new way of cooperation. This process starts with the formation 

of a small nucleus of components that contains the new cooperative behavior while other 

components are still in a weakly coupled state. The neighbouring components to the 

nucleus, under direct influence of the new behavior, start to behave consonantly. This 

enhances the collective behavior and even more components are recruited just by enhancing 

the newly attained collective cooperative behavior. This is akin to an avalanche process. 

Thus, the collective behavior enslaves the individual behavior of the components. This is 

the well-known slaving principle introduced by Haken (1987) in which the enslaved 

components stabilise the behavior of the collective variable by nonlinear interactions until a 

finite stable state is reached. In other words, the enslaved components, due to their 

cooperative behavior, stabilise the collective behavior and the collective behavior governs 

the components. This hierarchical interaction between levels is known as circular causality. 

 It is important to note that in all non-living and living systems there are always 

deviations around the stable attractor state of the system. These deviations (or fluctuations) 

are a result of other processes that exist on the smaller and quicker (micro) spatio-temporal 

scales than the collective variable under study. Living systems are capable to adaptively 

maintain the attractor by correcting these deviations either unconsciously (e.g. reflexes) 

and/or consciously (e.g. intentions). This stabilizing control via temporally organized 

synergies is reflected in the time variability structure of the coordinative variables under 

study. Variability of the collective variables may be of 3 different types: sub-diffusive 

(antipersistent fractional Brownian motion), diffusive (pure Brownian motion) and 

superdiffusive (persistent fractional Brownian motion). One of the frequently used models 

to explain these types of variability (fluctuations) is the change of the structure of the 
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potential landscape within which the system moves (e.g. Maisuradze, Liwo, & Scheraga, 

2009). For rugged hierarchical landscapes the variability is sub-diffusive because the 

system often is being trapped in small local valleys, i.e. attractor basins and hops between 

them (see Figure 6 left panel). When the potential landscape is smooth than, the local 

trapping is absent, and system moves more easily within and between the global basins of 

attraction so that the dynamics can become diffusive or superdiffusive (see Figure 6 right 

panel).  

  

 

  
  

Figure 6. Two different potential landscapes V (X) and the associated 

fluctuation dynamics. Left panel: A rugged hierarchical potential landscape 

with many nested valleys that trap the motion of the system. Right panel: A 

smooth bistable potential landscape that does not trap strongly the system. As a 

result, the system more freely moves within the landscape 
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The objective of this thesis is to show how seemingly unconnected phenomena 

related to sport-behavior can be studied by using the same NDST general principles and 

concepts. The hypothesis that sport-related behavior can be studied in a unified way is 

based on the assumption that the mind, the body and the environment are guided by the 

same general dynamic principles, and that these principles operate at different time scales. 

 

1.2. NDST concepts and experimental studies 

In relation with the objective of this thesis, six different experiments collected in 4 

different papers were conducted. In each of them the behavior of different collective 

variables (extracted at social, organismic, kinematic and psychological levels of analysis, 

respectively) and operating at time scales from miliseconds to minutes were studied under 

the influence of different control parameters (workload, time on task or number of referee 

decisions).  

 

Study I. Constraints controlled metastable dynamics of exercise-induced psychobiological 

adaptation 

Hristovski, R., Venskaityte, E., Vainoras, A., Balagué, N., & Vázquez, P. (2010). 

Constraints controlled metastable dynamics of exercise-induced 

psychobiological adaptation. Medicina, 46, 447-53.  

 

This position paper includes four different studies. 

Ia) In the first study, the collective variable was defined as the performance level 

(organismic level of analysis) and the control parameter was the workload. The results 

show how for certain workload values the performance level changes its behavior through 
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instability, going from one stable state defined as overreaching (i.e. positive effect of 

training) to an overtraining state (i.e. negative effect of training). 

Ib) In the second study, the collective variable was defined as the elbow angle 

(kinematic level of analysis) and the control parameter was the time on task. The results 

show how as the time on task (and thus, the accumulated effort) grows, the elbow angle 

changes its behavior through instability (enhancement of fluctuations), going from one 

stable state defined as a fluctuating dynamics around the task goal (i.e. 90º elbow flexion) 

to the resting state defined as 0º elbow flexion (coinciding with the task disengagement).  

Ic) In the third study, the collective variable was defined as the attention focus 

(psychological level of analysis), formed by task unrelated thoughts (TUT) and task related 

thoughts (TRT), and the control parameter was the time on task. The results show how as 

the time on task increases, the attention focus passes through instabilities (TUT/TRT 

switches), from one stable state defined as keeping the self-imposed TUT to a stable TRT 

state when approaching exhaustion.  

Id) In the fourth study, the collective variable was defined as the volitional state 

(psychological level of analysis) formed by UP volition/DOWN urges and the control 

parameter was the time on task. The results show how as the time on task enlarges, the 

initial UP volitional state changes through instability (UP/DOWN switches) to a final 

DOWN stable state close to exhaustion. 

 

Study II. Dynamics of Perceived Exertion in Constant Power Cycling: Time and Workload-

dependent Thresholds 

Balagué, N., Hristovski, R., Gracía, S., Aguirre, C., Vázquez, P., & Razon, S., & 

Tenenbaum, G. (2015). Dynamics of Perceived Exertion in Constant Power 
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Cycling: Time and Workload-dependent Thresholds. Research Quarterly for 

Sport and Exercise, 86, 371-378. doi: 10.1080/02701367.2015.1078870 

 

In this experiment, the collective variable was the Perceived Exertion Shifts (PES) 

(psychological level of analysis) and the control parameter the time on task. The results 

show how for certain workload values (hard and very hard intensities) the PES dynamics 

changes its behavior going from a fluctuating dynamics state (increment/decrement of PES) 

to a non-fluctuating dynamics state (just PES increments). In contrast, for moderate and 

extremely hard intensities the non-fluctuating dynamics was the only stable state.  

 

Study III. The path to exhaustion. Time-variability properties of coordinative variables 

during continuous exercise 

Vázquez, P., Hristovski, R., & Balagué, N. (2016). The path to exhaustion. Time-

variability properties of coordinative variables during continuous exercise. 

Frontiers in Physiology, 7. doi: 10.3389/fphys.2016.00037 

 

  In this experiment, the collective variable was also the elbow angle (the same 

collective variable as in study 1) and the control parameter was the time on task. The results 

show how as the time on task increases, the elbow angle variability profile changes, going 

from an anti-persistent fluctuation dynamics to a persistent fluctuation dynamics.  

 

Study IV. Formation of coherent attitudes in sports fans 

Hristovski, R., Balagué, N., & Vázquez, P. Formation of coherent attitudes in sports 

fans. (submitted).  
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In this experiment, the collective variable was defined as the attitude of fans formed 

by the opinion, emotional and action layers (social level of analysis) and the control 

parameter was the number of incorrect referee decisions against the fans favourite football 

team. The results show how as the number of the incorrect decisions increases, the 

attitudinal patterns of fans change through instability, going from a neutral attitudinal state 

to the formation of a coherent attitude pattern  (at the opinion, emotional and action levels, 

respectively).  

The elbow angle appears as a collective variable in two different papers because the 

same experiment was conducted with two different purposes. While study Ib tests the 

effects of time on task on the elbow angle stability, study III analyses the structure of the 

variability of the elbow angle fluctuations during the effort.  
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Constraints controlled metastable dynamics of exercise-induced 

psychobiological adaptation. Medicina, 46, 447-53. 
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Abstract: The coherent attitude formation of sports fans coupled to a common 

environmental source of information was used to test empirically a model’s 

consequences based on the dynamical systems approach. Ninety-seven students were 

given a list of stimuli related to potentially incorrect referee decisions that negatively 

affected their favorite team. They were then asked to complete 3 questionnaires 

concerning their opinion, emotional response and preferred action, respectively, in 

relation to these referee decisions. Results showed an initial increase in fluctuations in 

social responsiveness, followed by a reduction signifying the onset of coherent attitude 

layering. Nonlinear regression analysis revealed the emergence of 1, 2 and 4 layers of 

coherence in the opinion emotional and action space, respectively. Eight attitudinal 

patterns emerged within the framework of the experiment, ranging from the most 

extreme (i.e. potentially violent sub-sample) to the least extreme subsample. The 

principal component analysis revealed a strong formation of collective attitudes and a 

high degree of integration within and between the opinion, emotional and action 

spaces. These results confirm the predictions of the tested model and explain how 

different proto-groups, from violent to moderate, may be formed as a consequence of 

global coupling to a common source of information. 

KEYWORDS: [Attitudinal coherence, Sports fans proto-group, Star topology 

model].  
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INTRODUCTION 

The study of aggressive attitudes and violent collective behavior in sport has 

been growing in the last decades. The main focus of research has been put on better 

understanding the phenomenon and in implementing efficient intervention and 

prevention programs (Gimeno, Sáez, Ariño & Aznar, 2007; Gómez, 2007; Javaloy-

Mazón, 1996). To date, no formal models have been built to explain the emergence 

of coherent attitudes among fan supporters.   

The emergence of malignant social attitudes is a phenomenon that shares 

some general properties among systems and some aspects of it have been 

successfully investigated. Several mathematical models have predicted the 

emergence of coherent changes in human social systems as a consequence of a 

nonspecific parameter change (Renfrew & Poston, 1978; Shelling, 1971; Weidlich, 

1978; Zeeman, Hall, Harrison, Marriage & Shapland, 1976). These approaches have 

shown exquisite explanatory power (by means of computer simulations) in relation to 

the macroscopic effects of inter-individual social interactions, such as the emergence 

of clustering, attitude polarization, ideologies, beliefs, etc. (Nowak & Latane, 1994; 

Nowak, Szamrej & Latane, 1990; Vallacher & Nowak, 2007; Nowak, Vallacher, 

Bui-Wrzosinska & Coleman, 2006; Vallacher, Coleman, Nowak & Bui-Wrzosinska, 

2010; Vallacher & Jackson, 2009). Of particular appeal in this body of research is the 

definition of intractable conflicts as stable attractor states emerging from hidden 

malignant social attitudes (Coleman, Vallacher, Nowak, Brui-Wrzosinka & Bartoli, 

2010; Liebovitch, Vallacher, Nowak, Coleman, Bartoli & Brui-Wrzosinska, 2012; 

Musallam, Coleman & Nowak, 2010). In addition, the synchronization of internal 
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states as a consequence of close relationships is a new and promising research 

direction that is potentially able to resolve a longstanding issue in the relationship 

between mind and social context (Vallacher, Nowak & Zochowski, 2007). All these 

models share the common characteristic of being local models, that is, the coherence 

within them emerges as a result of local interactions between the social elements. 

However, coherent states may also emerge when social elements do not interact 

locally but possess a common coupling with environmental events.  

From the dynamical systems perspective, groups start to form from some 

initial state, evolve and stabilize through mutual interactions, and may eventually 

dissolve (Vallacher & Nowak, 2007). This initial state, in which members of a social 

ensemble are still not interacting but nonetheless form coherent attitude layers, is 

defined as a proto-group state, in other words, it is a ‘group to be formed’. This 

subtle state can be considered as a critical nucleus, a precursor, which, depending on 

constraints, may evolve into a group or disintegrate back to a population of 

independent individuals. This state is especially interesting with respect to the 

possible induction of hidden malignant social attitudes within the proto-group 

formed by fans (Coleman et al., 2010).  

  A star topology model (Hristovski, 1997) (Fig.1), drawing on the mathematical 

theory of paramagnetism, predicts the onset of non-local coherence in social ensembles 

consisting of locally non-interacting individuals, coupled globally and unidirectionally 

only to the events in their environment. In this model the central node activity 

represents an environmental event (e.g., a referee’s decision – B) that impinges on 

peripheral nodes (e.g., team supporters). Note that a referee’s decisions have the role of 

a non-specific control parameter which does not impose explicit control instructions 
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about team supporters’ attitudes.   This is a rather different and simpler class of social 

network interaction to that proposed by the abovementioned models. The fans do not 

exchange information and the model has exact solutions that can easily be tested 

experimentally. Furthermore, it predicts the final states of certain social phenomena 

such as the formation of proto-groups, which have much in common with the local 

models mentioned above. Note that although there is no immediate and explicit 

interaction between the members of the social ensemble of fans, they are nonetheless 

bound together through their common characteristic: they are supporters of the same 

team and have identical or at least strongly correlated values, namely identification with 

the team. In this respect, we can speak of a non-local or implicit coupling within the 

social ensemble of explicitly non-interacting fans. 

------------------------------------- 

Insert Figure 1 About Here 

------------------------------------- 

Obviously, due to the interaction with the environmental constraint, in this case 

a referee’s decisions, and their shared personal constraints, namely identification with 

their favorite team, a new set of common properties may be induced in the group in the 

form of coherent opinions, emotions and preferred actions. These properties may form 

an additional set of constraints, juxtaposed to and interacting with the previous ones, 

which together could form another, more complex initial state that may initiate the 

evolution of the proto-group.  

 The exact solution of the model (Hristovski, 1997) is the well-known Brillouin 

function that describes the behavior of a social ensemble under environmental 

influences B: 
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where <σJ> is the normalized (from 0 to 1) expected (average) attitudinal intensity per 

subject, which captures the collective state of the social ensemble. The maximal value 

<σJ> = 1 signifies full coherence, that is, an identical collective attitude in the social 

ensemble.  The sign <…> signifies an ensemble average and the sign cth refers to the 

hyperbolic cotangent function; 
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= 	are constants for a given J which 

plays the role of a personal constraint in the attitudinal space (see Fig. 1). It represents 

the maximal value (extreme) that could be attained by a fan in each of the attitudinal 

spaces such as: opinion, emotion and action; X KJB= ; where, B is a running sum 

(accumulation) of referee’s decisions. The single free parameter of the model 

C
K

Q
= represents the relationship between the coupling strength (C) of the social 

ensemble to the environmental events (i.e. its coupling to referee’s decisions B) and the 

social ensemble variability (Q). We will call K a ‘coupling to variability ratio’.  

The expected (i.e. average) attained attitudinal level per subject <UJ>, is given by Eq. 2:		

J JU CJ sá ñ = á ñ                                (2) 

 where CJ gives the asymptotic value of the coherent attitude layers which have been 

formed and <σJ> is  defined by equation (1).                                                     

The social susceptibility χ, i.e the social responsiveness to the external stimuli B 

per subject, is defined by Eq. 3 as: 

JU

B
c

á ñ
=           (3) 
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The condensation of coherent states in the social ensemble appears as a dynamical 

product of the symmetry breaking mechanism in the space of attitudinal states, in the 

following way: Let the perception - response structure that experiences the decisions be a 

bistable one, so that it could be in the state of: 1. Inhibition (the decisions do not excite it, 

(C = 0), so that there is a balance between the spontaneous polar influences); 2. Excitation 

(the decisions excite it positively or negatively (±C), so that they are experienced by it as 

positive or negative with degree of degeneration (resolution) d = 2J + 1. When there are no 

stimuli, or it is insensible to them (C  = 0), such a structure has nothing to experience, and 

the state of each member of the ensemble (fan) is undetermined. Such states correspond to a 

state of antiparallel spins (balance of spontaneous polar influences with minor fluctuations 

about zero value), therefore they compensate each other, making the state in the structure 

totally balanced and undetermined. Here, the symmetry among the polar states is total. We 

can see that on Fig. 2A. Small transversal lines in the middle of the two-way arrows could 

be considered as mirrors. Then in the system there is symmetry with respect to the 

mathematic group of transformation with 2 elements G2. This state is symmetric (invariant) 

with respect to identical transformation I = (J ® J), and with respect to operation that 

generates the cycle of space inversions as well, I = (J ® - J). From equations (7) - (10) we 

can see that when the number of experienced decisions is B = 0, the expected value of the 

spin <sJ>, i.e the order parameter <UJ> is identically equal to zero.  

When the decisions of the referee are experienced and accumulate (B ¹ 0) the state 

<sJ> = 0 (as well as < UJ > = 0) becomes unstable. Depending on the system of fans, new 

stable state at each of them would take one of total 2J + 1 possible states, that is it will take 

a state which is closer to one of the poles. It means that the stimulus would be experienced 

as a positive or negative and that such an event would produce a certain cognitive, 

emotional and action state. Under the influence of assimilated stimuli, the spins that have 
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been mutually compensated till now would become in parallel position (they would become 

decompensated, with same orientation). This state of assimilated stimuli, guided by the 

common (shearing) pool of information (the same sign of coupling C) of the ensemble, 

breaks the previous symmetry (see Fig. 2B), that leads to the onset of preferred orientation 

in the space of attitudinal states of the subjects, so that, in the elements of the social 

ensemble is being created certain attitude. Then, the expected value of the spin <sJ>, that is 

the attitudinal charge of social ensemble < UJ >, becomes different from zero. In this new 

state, the mathematic group G2 is not a group of symmetry of the system any more. This 

mathematical group is now reduced only to the element of trivial identity transformation I . 

Such symmetry breaking into the attitudinal space of social ensemble, that is the transition 

G2 ® I , characterize the qualitative change from the state of having no attitude (cognitive, 

emotional or action component) with respect to the events in its environment, into the state 

with certain attitude about them. In other words, the non - invariance of the new state under 

the group G2 amounts to the assumption that in the observed social ensemble are created 

long - lasting, non - vanishing attitudes. 

-------------------------------------------- 

Insert Figure 2 about Here 

-------------------------------------------- 

 From what it is said above it follows that: If the social ensemble is homogeneous 

in its coupling to the environment, then attitudinal coherence will arise for some value 

of the external stimulation B; If the social ensemble is homogeneous with respect to the 

internal personal constraint J, then a single-layered attitudinal coherence (attractor state) 

will arise for some value of the external stimulation B; If the social ensemble is not 

homogeneous with respect to the personal constraint J, then a multi-layered attitudinal 
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coherence (multistability), proportional to the number of different values of J, will arise 

for some value of the external stimulation B. 

            The aim of this study was to detect some of the consequences of the star 

topology model by examining the attitudinal evolution and responsiveness in the 

opinion, emotional and action dimensions of sports fans coupled to a common 

environmental source of information.  

METHODS 

Participants 

A sample of 97 participants (Nmale = 73, Nfemale = 24; aged 20-24 years) was 

randomly recruited from a population of Caucasian physical education students. They 

were informed about the procedures, but were not aware of the purpose of the study.  

Interventions and Procedure 

Data were gathered by giving participants a list of environmental stimuli (B) and 

three questionnaires whose purpose were to collect information regarding their opinion, 

emotion and preferred action responses.  

The B contained twelve stimuli in the form of incorrect referee decisions that 

affected the participants’ favorite team. These potentially incorrect decisions were 

considered to have a moderate influence on the match result (e.g., they were midfield 

decisions).  

The list stated the following:  
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“Imagine that you are watching on TV a football match in which your favorite team or 

the national team of your country is participating. The referee behaves in the following 

way:” 

The three questionnaires assessing the opinion, emotion and action dimensions 

were based on scaling the participants’ judgments (in a form of probabilistic statements) 

regarding the referee’s decisions.  Specifically, each questionnaire was scaled from 0 to 

8, where 0 indicated that the participant did not have any opinion, emotion or desire for 

action in relation to the referee’s decisions, and 8 represented total disagreement with 

the referee’s decisions. For each incorrect decision on the B, participants had to choose 

the response option on the corresponding questionnaire. The questionnaires stated the 

following:  

“Assess the referee’s behaviour (1stquestionnaire), choose your emotion (2nd 

questionnaire) and indicate your preferred action (3rd questionnaire) in relation to the 

referee’s decision as described on the list (B), taking into account his/her previous 

decisions in the match. For each of the decisions on the list (B), please choose the 

response option that best reflects your opinion/emotion/preferred action.”   

            Participants were seated sufficiently apart so as to prevent any direct interaction. 

The B and the three scaled questionnaires were then distributed and explained verbally. 

Some examples were given in order to avoid misunderstandings about the requirements 

of the experiment.  

Data Analysis 

The questionnaires showed a high, one week inter-measurement interval, test-

retest reliability with inter-item average correlation of r = .98, r = .95 and r =  .94 for the 
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opinion, emotion and action scale respectively. The experiment enabled the 

determination of the J values of the subsamples, while the values of parameter B were 

defined as the sum of the referee’s decisions. The single free parameter K was estimated 

by applying a nonlinear regression of Eq. 2 to the experimental data, with Jmax= 15/2. 

The quasi-Newton method was used to determine the parameter estimation 

convergence. Goodness of the least-squares fit was tested by the amount of the 

explained variance R
2
. A principal component analysis using the Kaiser-Gutmann 

criterion to determine the number of significant components was applied to the 12 B-

dependent statistical averages of opinion, emotional and action attitudes.  

The results for responsiveness (i.e. susceptibility) to the external stimuli were 

obtained through Eq. 3. The fluctuation intensities were estimated as a standard 

deviation (SD) of the sample for each B value. 

RESULTS 

 

Attitudinal Evolution in the Opinion, Emotional and Action Dimensions 

The nonlinear regression according Eq. 2 showed a highly significant 

relationship between the experimental data and the model predictions of attitudinal 

evolution.  

In the opinion dimension (see Fig. 3a) the regression analysis revealed one layer 

of coherence. The regression curve for the expected value of <UJ>opinion (J = 7.5; K = 

.11, N = 97) showed a high goodness of fit (R
2 

= .91; p < .001). In this dimension, 

coherence emerged for B > 6. 
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In the emotional dimension (see Fig. 3b) two layers of coherence (J1 and J2) 

were found. The regression curves for the expected value of <UJ >emotional (J1
 = 7.5, K = 

.10, N = 71 and J
2
 = 6.5, K = .07, N = 26) showed a highly significant relationship 

between the theoretical curves and the data (R
²

1
= .90, p < .001; and R

²

2
 = .89, p < .001). 

In this case, coherence emerged at B > 6 for the first curve (J1) and at B > 9 for the 

second (J2).  

In the preferred action dimension (see Fig. 3c) four layers of coherence (J1, J2, J3 

and J4) were found. The regression curves for the expected value of <UJ>action (J1
 = 7.5, 

K = .11, N = 24; J
2
 = 5.5, K = .10, N = 18; J

3
 = 4.5, K = .15, N = 12; and J

4
 = 3.5, K = 

.20, N = 43) showed a high goodness of fit (R²
1 
= .91, p < .001; R

²

2
 = .93, p < .001; R

²

3
 = 

.92, p < .001; and R
²

4 = .80, p < .001) with the experimental data. Coherence emerged at 

B > 6 for J1, J2 and J3, and at B > 5 for J4. Table 1 shows all the parameters calculated 

by the model for each dimension.  

The residuals were symmetrically distributed around the expected values, which 

is another corroboration of the high goodness of fit between the theoretical predictions 

and the experimental data. Fig. 3 show that in most cases (using the criterion Jmax-1 £ 

<U>), coherence emerged after the 5th and 6th stimulus (B > 5 and B > 6), except in the 

case of J = 7.5 for the emotional dimension, where coherence emerged for B > 9.  

---------------------------------------------  

Insert Figure 3 About Here 

----------------------------------------------  
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Attitudinal Responsiveness and Fluctuations in the Opinion, Emotional and Action 

Dimensions 

The responsiveness of the sample attained its maximal values at median values 

of B=2, whereas fluctuations were maximal at median values of B=3. Fig. 4 (a, b) shows 

the distributions of data from the opinion dimension for B=3 and B=8, respectively. It 

can be observed that opinion variability was maximal for B=3, whereas it converged to 

its lowest variability (i.e. maximal coherence) for B=8.  

The enhancement of variability (i.e. fluctuations) and maximal susceptibility was 

observed in the interval 0 < B < 4 (see Fig. 5). After this interval, these properties 

started to decrease slowly, signaling the formation of a new stable state and a 

condensation of attitudes toward their saturation values. Note that in contrast to 

fluctuations, susceptibility does not converge to the zero value even for large B values. 

This is a consequence of the susceptibility definition (see Eq. 3).  

--------------------------------------------  

Insert Figure 4 about Here 

-------------------------------------------- 

Principal Component Analysis. 

Although the Kaiser-Gutmann criterion tends to over extract the number of significant 

principal components with eigenvalues larger than 1, the analysis revealed one general 

component that explained 98% of the total variance, with an eigenvalue of λ = 6.95. All 

communalities /h
2
) were highly significant (<h

2
> = .998; ± .004), as were the loadings 

of the variables on the principal component (<q> = .987; ± .003).  
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Eight attitudinal patterns (Table 1) emerged within the framework of the 

experiment, and ranged from the potentially most violent (i.e. most extreme) to the least 

extreme (i.e. moderate).  

-----------------------------------------------  

Insert Table 1 about here 

----------------------------------------------- - 

DISCUSSION 

The experimental evidence supports basic predictions 1, 3 and 4 of the star 

topology model (Hristovski, 1997). The attitudinal layers of coherence do not have to 

emerge from local interactions (Latane, 1996; Nowak et al., 1990; Vallacher et al., 2010 

but may arise as a consequence of the common identification with the favorite team, 

which forms their common mode of coupling with the external stimuli (i.e. the referee’s 

decisions). To our knowledge, this is the first empirically corroborated formal model of 

the emergence of coherence and social proto-groups among team supporters, a model 

that also describes the stratification of their attitudes under the influence of 

environmental and personal constraints. The experiment demonstrated the existence of 

equifinality, that is, the property of the social system and of the individuals involved to 

attain the same final state, despite evolving using various paths. Path variability is an 

effect of the large number of weakly correlated intrapersonal degrees of freedom on the 

evolution of individual attitudes. The attitudinal variability weakened as the common 

coupling with the environmental events became dominant and suppressed the personal 

degrees of freedom, such that the strongly correlated individual attitudes were, in effect, 

sucked into a single collective attitude. Moreover, the high goodness of fit for different 
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numbers of participants also supports the robust properties of this model with respect to 

the cardinality of the observed social system. 

The susceptibility (social responsiveness) and fluctuations (response variability) 

of the ensemble showed non-monotonous behaviour. Shortly after the onset of 

environmental events they were enhanced, signaling a destabilization of the previous 

state and a transition towards the formation of a coherent attitude. This means that under 

global coupling and in relation to referee decisions that fans perceive as moderately 

offensive, the maximal responsiveness of fan groups and their variability in attitudes 

would be expected to occur within this range of number of referee’s decisions B. 

Although all the fans reacted in the same direction (i.e. they break the initial symmetry 

present at B=0), as individuals they differed in other sets of personal constraints and this 

contributes to the early (i.e. small B values) ‘disagreement’, in other words, the 

enhancement of fluctuations. Such unidirectional fluctuations actually push the average 

social attitude <UJ> towards the final coherence value that is the attractor, which 

emerges for higher B values. In other words, whereas for the first few referee’s 

decisions the social ensemble is yet attitudinally undifferentiated due to personal 

differences (some fans need more and some less evidence for changing their attitudes), 

the subsequent referee’s decisions bring about clear formation of coherent social sub-

ensembles that share a stable attitude. In this coherent state personal differences are 

suppressed and the collective attitude dominates.  In this case, the referee’s decisions 

have the role of a control parameter which destabilizes the neutral attitudinal state 

present at B=0, and through fluctuations leads the system into a coherent attractor state. 

This coherence was evident in the results of the principal component analysis, where 
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seven variables were reduced to only one collective variable (order parameter) 

accounting for more than 98% of the total variance.  

This behaviour constitutes strong evidence for the highly integrated nature of 

opinion, emotional and action spaces on the individual and social levels. It is also worth 

noting that the greatest coherence was achieved in the opinion space, whereas the 

emotional and, particularly, the preferred action space were more segregated. This may 

be due to the more refined (i.e. heterogeneous) structure of the fan sample in terms of 

their responses to external events. For example, individuals motivated by excitement 

(Javaloy-Mazón, 1996), by eustress (Gantz & Wener, 1995), a form of positive stress 

involving excitement and anxiety that often accompanies sport viewing, or by the 

feeling to belong to a group (Gómez, 2007), may differ from fans who are motivated by 

economic concerns (Frey, 1992; Gantz et al., 1995), or from those influenced by the 

entertainment motive (Zillmann, Bryant & Sapolsky, 1989). Such differences may be 

particularly emphasized in the emotional and preferred action spaces because of their 

direct saturation by diverse motivational factors affecting the intrapersonal constraint J. 

This constraint introduced a potential for multistability into the system, that is, a large 

number of stable, collective, coherent attitudes (attractors) were created by the social 

system under the impact of external stimuli. This leads to a notion of non-local coherent 

layering (stratification) after being exposed to equal environmental stimulation for a 

certain amount of time.  

Accordingly, for instance, the violent patterns (see Table 1) could be 

considered as a formation of potentially violent proto-groups, which might 

subsequently attain (through local network interactions) all the properties that are 

characteristic of a violent mob, including spatial clustering and collective violent 
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action (see the previous comment on motivational differences between sports fans). 

Another important and more general theoretical and practical aspect stems from these 

findings. The emergence of coherence as a result of the suppression of individual 

degrees of freedom raises the possibility that a third person or institution, e.g. in 

politics, might efficiently control and manipulate such social ensembles, because as 

the majority of personal differences are suppressed the whole ensemble may be 

treated as a single collective entity controlled by a common body of coherent 

information. Hence, instead of dealing with a multitude of individual degrees of 

freedom, that is, individual opinions, emotions and action preferences, one actually 

has to deal with a single collective coherent person (Balagué & Torrents, 2011). In 

contrast to the above, the moderate pattern 4 (see Table1) implies a social proto-

group that has the potential to evolve into a well-formed group trying to realize its 

goals through institutional procedures, i.e., a moderate proto-group (J = 3.5 level). 

If the present results are viewed in the light of those obtained by local models 

(e.g. Nowak & Vallacher, 1998) one might consider the predicted final states within 

our model as the initial state of a model with local interactions among its elements. 

In this regard, it would be particularly interesting to investigate the possibility of 

change among personal constraints J as a consequence of local interactions among 

fans. Indeed, the possibility that the J constraint is subject to change under local 

interactions, such as peer pressure, is quite real. Were these to be the case, then 

individual fans possessing different J constraints may, under conditions of global 

coupling with environmental events, change their personal constraints when subject 

to local interactions.  
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The way in which groups with common personal constraints are formed from 

proto-groups could be an interesting topic for future research. The question here 

would be to determine how growth of interpersonal interactions depends on the 

common views of environmental events and the action preferences of those involved. 

This problem is obviously fundamental to group or even team formation processes, 

where one might investigate the formation of network connections among the 

elements of the proto-group. Another interesting direction for future research can 

also be inferred from the results of this study. The least violent coherent layer in the 

action space, J = 3.5 (<UJ> = 4), was formed by 79% of the total number of female 

fans, and hence a further question arises: How do J constraints depend on other 

social constraints (e.g. the influence of family attitudes toward female and male 

populations), on peer pressure, and on the possible influence of certain biochemical 

gender differences, such as testosterone levels? Finally, the behavior of social 

ensembles under varying neutral, positive and negative referee decisions would 

constitute yet another direction for future research that might produce somewhat 

different results to those obtained here. 

In conclusion, the experimental data explain how attitudes and responsiveness 

in the opinion, emotional and action dimensions of sports fans evolve under the 

influence of global coupling to a common source of information (referee’s decisions) 

and the diversity of personal constraints. The formation of a number of fan proto-

groups that attained attitudinal coherence in the opinion, emotional and, particularly, 

the preferred action dimensions is observed confirming the predictions of the 

proposed star topology model.	
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Table 1. Stratified attitude patterns formed in the social ensemble under the impinging 

referee decisions B. Each row represents one attitude pattern formed in the opinion, 

emotional and preferred action spaces. Potentially violent and moderate proto-group 

formation can be detected based on their attained coherent values in the action space 

(Jaction) 

Number of 

the attitude 

pattern 

J opinion Jemotional Jaction Proto-group 

1 7.5 7.5 7.5 Violent 

2 7.5 7.5 5.5  

3 7.5 7.5 4.5 Moderate 

4 7.5 7.5 3.5 Moderate 

5 7.5 6.5 7.0 Violent 

6 7.5 6.5 5.5  

7 7.5 6.5 4.5 Moderate 

8 7.5 6.5 3.5 Moderate 
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Fig. 1. A star network of a referee-fans system. The decisions B from the central node, 

i.e. the referee, impinge on peripheral nodes, i.e. the team supporters (fans). Each fan 

may have different personal constraints, J, in the opinion, emotional and action spaces. 
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Fig. 2. Symmetry breaking of the original state without attitude to a state in which attitudes 

are stabilized. 
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Fig. 3. a) Regression curve for the expected value of the opinion dimension, <UJ>opinion.  

b) Two regression curves for the expected value of the emotional dimension, <UJ> 

emotional. c) Four regression curves for the expected value of the preferred action 

dimension, <UJ>action. B is a number of referee’s decisions. 
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Fig. 4. Example histograms of data distribution in the opinion space (a: B=3; b: B=8). 

Dotted vertical lines signify the position of the fitted curve (compare with Fig. 2). 

Vertical axis n = number of observations; horizontal axis UJ Class = attitudinal level 

class. The coherence of opinions for B=3 is low, while for B=8 it is high. 

  

 

Fig. 5. A typical profile of a point-to-point estimate of the social responsiveness, i.e. 

susceptibility (χ), from the data (dotted line) and fluctuation estimates from the data 

(bold line).  
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AND CONCLUSIONS 
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This thesis shows how a unified framework, based on general NDST principles and 

concepts, can be used to study diverse sport-related behavior, usually researched by 

different disciplines like physiology, psychology and social sciences. Indeed, general 

NDST concepts such as collective variable, control parameter, stability, instability and 

nonlinear change were proved to be useful to study apparently unconnected phenomena like 

the path to exhaustion or the coherent attitudes of sport fans. The results show that different 

collective variables extracted from different levels (organismic, kinematic, psychological, 

and social) and operating at different time scales change their dynamics under the influence 

of control parameters (workload, time on task, and incorrect referee decisions, respectively) 

following the same general laws.  

The results reveal that the coordinative state of the systems under study remains 

stable only for certain values of the respective control parameter. Beyond such values the 

system destabilises and, at a critical point, suffers a nonlinear change. This is captured by 

an abrupt re-organization or qualitative change of the collective variable. This re-

organization, which is the result of a self-organizing process, reflects the system 

adaptability to changing environmental and task constraints. This nonlinear self-organized 

process of change is exemplified at two different levels: at organismic level, by the 

formation of new psychobiological synergies that compensate the inhibitory processes 

produced by effort accumulation, and at social level, by the formation of coherent 

attitudinal patterns that form under the influence of erroneous referee decisions.  

Table 1 summarizes the general findings of all experiments included in this thesis.  

 

  



Table 1.Summary of the results obtained testing the dynamic behavior of diverse collective variables under the influence of different control parameters. The same NDST general 

concepts were used independently of the level of analysis.  

 

Article Experiment  Exercise Collective 

Variable 

Stability  Control 

Parameter  

Instability  Nonlinear change 

I a) Dose-effect 

relations of 

training stimuli 

(modelling) 

Any type Performance 

level  

Overreaching (positive 

effect of the training 

stimuli)  

Workload Alteration of 

performance level 

evolution 

From overreaching to 

overtraining (negative 

effect of the training 

stimuli) 

I b) Dynamics of 

the elbow angle   

Quasi isometric 90º 

elbow flexion holding 

an Olympic bar at 80% 

of 1 RM until 

exhaustion  

Elbow angle The fluctuation dynamics 

around 90º elbow flexion 

Time on task  Enhancement of the 

elbow angle fluctuations 

From stable 90º elbow 

flexion to 0º elbow 

flexion (task 

disengagement)  

I  c) Dynamics of 

attention focus  

Running at 80-90% of 

the HR max 

Attention 

focus 

(TUT / TRT)  

Keeping the imposed TUT 

state  

Time on task  Increase of non- 

volitional TRTs  

From imposed TUT to 

stable TRT state  

I d) Dynamics of 

volition states  

Quasi isometric 90º 

elbow flexion holding 

an Olympic bar at 80% 

of 1 RM  

Volition state 

(UP intention 

/ DOWN 

urges) 

UP state  Time on task  Emergence of DOWN 

urges (UP/DOWN 

switches) 

From UP state to stable 

DOWN state (task 

disengagement) 

II Perceived 

exertion shifts 

(PES) dynamics  

Cycling at 4 different 

intensities 

corresponding to initial 

RPE = 13,15,17,19 

Perceived 

exertion 

Shifts (PES) 

The fluctuating dynamics 

of PES 

(increments/decrements) 

Time on task  The non-fluctuating 

dynamics of PES (just 

increments)  

From fluctuating 

dynamics to non-

fluctuating dynamics of 

PES  

III  Variability 

properties of the 

elbow angle  

Quasi isometric 90º 

elbow flexion holding 

an Olympic bar at 80% 

of 1 RM until 

exhaustion 

Elbow angle  The anti-persistent 

fluctuation dynamics of 

the elbow angle  

Time on task  The persistent 

fluctuation dynamics of 

the elbow angle  

From anti-persistent to 

persistent fluctuation 

dynamics of the elbow 

angle  

IV Sport fans 

coherence  

Respond 

questionnaires  

Attitudes at 

opinion, 

emotional 

and action 

levels  

Independent attitudes of 

fans  (before answering the 

questionnaires) 

Number of 

incorrect 

referee 

decisions  

The formation of 

coherent attitude patterns 

of fans at opinion, 

emotional and action 

levels 

From independent to 

coherent collective 

attitudes of fans  

Note. PES = Perceived Exertion Shifts; RPE = Rate of Received Exertion; RM = Repetition Maximum; TUT = Task Unrelated Thoughts; TRT = Task Related 

Thoughts.  
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Each system evolves by passing the following three phases: Initial stability, the loss of 

stability (instability) of the initial state and formation of the new stable phase (which can be 

further destabilized). In our research the initial stability is manifested in four different ways 

on the organismic level: by the overreaching state of the performance variable, i.e., a positive 

effect of the training stimuli (exp. Ia); by the fine adjustments (on short time scales) of the 

prescribed elbow angle value (exp. Ib) and its anti-persistent variability profile (exp. III); by 

keeping the intended TUT (exp. Ic) and “UP” state (exp. Id), and by the fluctuating dynamics 

of PES (exp. II). Finally, the stability is represented by the independent attitude behavior of 

fans on the opinion, emotion and action dimensions on the social level (exp. IV).  

When constraints change beyond certain values, [i.e., workload increases (exp. Ia), 

time on task enlarges (exp. Ib, Ic, Id, exp. II and exp. III) and the number of referee wrong 

decisions against the favourite team increases (exp. IV)], there is a loss of stability of the 

corresponding coordinative variables. The instability on the organismic level manifests 

through the increase of fluctuations of the performance evolution (exp. Ia), the enhancement 

of fluctuations of the elbow angle (exp. Ib); the emergence of TRT’s and DOWN urges that 

compete with the initial stable TUT and UP states (exp. Ic and Id), and the non-fluctuating 

dynamics of PES (exp. II). On the social level, the instability is reflected by the reduction of 

the variability of the individual responses and the progressive formation of layers of 

coherence at opinion, emotion and action dimensions (exp. IV). Thus, as the initial coupling 

among system components weaken, a new cooperation among systems components emerges. 

On the organismic level this nonlinear change is reflected by a transition from positive 

(overreaching) to negative (overtraining) effect of training stimulus (exp. Ia), on a kinematic 

level by a sudden change of the elbow angle from 90º to 0º (exp. Ib), this transition is 

intimated by a slow transition from anti-persistent to persistent variability profile (exp. III). 

On the psychological level, by the change from stable TUT to stable TRT state (exp. Ic), 
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from UP to DOWN state (exp. Id), and from fluctuating to non-fluctuating dynamics of PES 

(exp. II). Finally, on the social level, the nonlinear change is reflected by the transition from 

independent to coherent attitudes of fans (exp. IV). 

The newly attained final stable states are the overtraining state of the performance 

variable, i.e., a negative effect of the training stimuli (exp. Ia); the rest state of the elbow 

angle (exp. Ib and exp. III); The TRT (exp. Ic) and “DOWN” state (exp. Id), and the non-

fluctuating dynamics of PES (exp. II). The newly stabilized final state in the social group is 

represented by the presence of coherent attitudes of fans on the opinion, emotion and action 

dimensions. (exp. IV). 

In particular, the experiments where kinematic and psychological variables (attention 

focus and volition states) were studied during static and dynamic exercises performed until 

exhaustion delineate 3 effort phases in the path to exhaustion:  

- The first phase, at exercise onset, is characterized by a greater stability and 

flexibility of the system to maintain the initial conditions. This is revealed 

through the light fluctuations around the 90ºelbow angle and its dominant 

anti-persistent structure of variability, the ability of the performers to 

maintain the imposed TUT and UP state, and the fluctuating dynamics of 

PES. 

- The second phase is characterized by a progressive reduction of degrees of 

freedom and adaptability of the system due to the effects of the accumulated 

effort. This is observed by the increase of fluctuations of the elbow angle, 

the metastable dynamics of thoughts (emergence of TRTs competing with 

TUTs) and volition states (emergence of DOWNs competing with UPs), and 

the fluctuating dynamics of PES.  
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- The third phase, close to the task disengagement, is characterized by the 

persistent fBm structure of variability of the kinematic variable, the stability 

of TRTs and urges to terminate (DOWNs) and the non-fluctuating dynamics 

of PES. It is important to note that the change of behavior of the kinematic 

and psychological variables is a consequence of the competition between 

the inhibition (i.e. metabolic changes in the muscles) and excitation (i.e. 

excitation of the central nervous system) forces during the effort (Vázquez, 

Hristovski & Balagué, 2016). The process suggests a different 

understanding of the task disengagement phenomenon, which cannot be 

attributed to any specific site or process but to the general loss of stability 

mechanism.  

In conclusion, the NDST unifying concepts remain valid and stay relevant to explain 

different types of sport-related phenomena, independently of its level of description and time 

scale of analysis. Therefore, the NDST framework seems to be a promising way to satisfy the 

interdisciplinar and transdisciplinar claims of sport science and science in general; and 

particularly, to serve as a rigorous mathematical theory forming platform where detailed 

socio-psycho-biological mechanisms would be incorporated in lawful formal relations 

(Hristovski, 2013). In fact, the NDST concepts and language already in different sciences like 

physics (from Newton onwards), chemistry (Lehn, 2002; Nicolis & Prigogine, 1977), biology 

(Barabási & Oltvai, 2004; Chang, Hemberg, Barahona, Ingber & Huang, 2008; Walczak, 

Sasai &Wolynes, 2005), economics (Foster, 1997; Witt, 1997), psychology (Kelso, 1995; 

Kohonen, 2012; Van Orden, Holden, & Turvey, 2003) and sociology (Nowak, Vallacher, 

Tesser, & Borkowski, 2000; Vallacher, Coleman, Nowak, & Bui-Wrzosinska, 2010; 

Vallacher & Jackson, 2009) among others, have started to extend to sport disciplines as a 

consequence of science evolution (Balagué et al., 2016). One future challenge for sport 
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science is to enlarge the study of emergent behaviour observed at small scales (individuals, 

pairs of opponents and teams) (Bourbousson, Sève, & McGarry, 2010) to larger scales, such 

as pairs of teams, mass-start competitions (Trenchard, 2015) and leagues of competition 

(Travassos et al., 2010). 

As shown in this thesis, the unifying NDST concepts may play a major explanatory 

role and may contribute to build a unified framework for the study of sport-related 

phenomena. In this sense, this thesis: a) provides support to integrative and transdisciplinar 

approaches to sport science (see Balagué et al., 2016), b) contributes to reduce the barriers 

among scientific disciplines and scientific language, c) improves the communication and 

transfer of knowledge among scientists. (Hristovski, 2013; Hristovski, Balagué & Vázquez, 

2014).  

Based on the above-mentioned reasons, the current NDST-based unifying approach 

may also be useful in academic settings. Contemporary education, based on a fragmented 

structure of subjects and topics, limits reasoning and critical thinking in students, and brings 

about a fragmented worldview. Some authors have found qualitative differences between the 

explanatory patterns of science considered in secondary school and university textbooks and 

those found in the recent modelling scientific publications, especially in the areas of social 

and biological sciences (Hristovski et al., 2014). This fact contributes little to the 

development of the integrative competencies and knowledge considered essential in modern 

society. In such a context, providing an education in science that could help to integrate 

knowledge and facilitate the transfer to theoretical explanatory principles among disciplines 

seems a key point.  
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