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Chapter II 

An Overview on Sport Performance Assessment 

 

 

Introduction 

 

Recognize the grounds why some individuals and teams achieve success is one 

of the most widespread aims identified in the research literature on sport performance. 

The methodologies used to study sport performance have been established to evaluate 

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

a variety of statistical data of discrete actions that teams and players perform during 

competition (see Hughes and Franks, 2004). Notwithstanding the importance of these 

data, an significant criticism of the notational analysis of sport performance is that it 

does not identify the causes for those discrete actions in order to describe and explain 

the difference between successful and unsuccessful teams. The data usually inform us 

“what” happens, and not “how” and “why” it happens.  

 

An Overview on Notational Analysis 

 

 Goals and Methods 

 

Performance analysis on team sports had been one of the main issues of sport 

sciences over the past decades. Identifying reasons why some individuals and groups 

achieve success is a common aim in the performance psychology literature. 

Methodologies used to study performance at work and sport have often been 

implemented to compare the cognitions, decisions and actions of successful and less 

successful groups and individuals (for a review see Starkes et al., 2001). Accordingly 

with Hughes and Franks (2004), the first hand notation system had been developed for 

baseball by Fullerton in 1912 (Hughes and Franks, 2004). On team sports the first 

notation system was developed on basketball in 1939 by Messersmith and Bucher 

(Hughes and Franks, 2004).  
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 Since there, notational systems had been developed to fit on several purposes: i) 

to identify patterns of play of successful and unsuccessful teams, the search for these 

patterns was sustained on a relation between the type and number of actions and the 

player position on the field, which led to a successful outcome such as to score a goal; 

as pattern of play we suggest a set of continuous coordinated actions that a team usually 

do to break the balance of the other team defensive or attacking system, maintaining a 

goal direct behavior; as successful outcome due to the multiple causes that allow 

multiple effects on sport performance, a successful outcome should be based on 

individual-oriented criteria reflecting a better or worse than usual level, the success-

failure ratio must be considered on the basis of an individual’s performance quality (i.e. 

the actions performed to maintain a goal directed behavior) and/or achievement level 

(i.e. the results); ii) to identify physiological parameters that characterize different team 

sports; iii) to create game models; by definition game models are system descriptions, a 

model describe the sequences of behaviors (McGarry and Perl, 2004).  

Notational systems evolve to computerised notation where the main concern was 

to create systems that reduce the learning stage and increase the accuracy of data 

collection, however the type of variables to be analysed suffer the same gaps of hand 

notation systems: i) lack of theoretical background; ii) performance analysis based on 

discontinuous and discrete variables. The first gap led the analysis to two different 

problems: i) the decision of choose a set of variables is highly subjective, and ii) the 

researcher only collect data from the variables previously defined. The second gap give 

rise to an important criticism of the notational analysis of sport performance previously 

stated on Passos, Araújo, Davids, Gouveia and Serpa (2006). Despite the importance of 

these data, a notational system does not identify the reasons for those discrete actions in 

order to explain the difference between successful and unsuccessful teams. The data 

typically inform us “what” happens, and not “how” and “why” it happens. These makes 

that notation systems are a record of isolated actions that occur during a match, not an 

exploratory process of searching why successful teams decide to perform those actions.  

Accordingly with McGarry, Anderson, Wallace, Hughes and Franks (2002), it is 

accepted in sport performance that players and teams display “unique traits” in their 

playing patterns, which remain invariant even when they play against different 

opponents at different times. However, due to the variability that players and teams 

display when plays against different opponents at different contest highlight the 

inability to identify “signatures of performance” (i.e. common features of behavior that 
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span various contests) of notational systems based on technical behaviours (McGarry et 

al, 2002). The same authors suggest for a valid description of a system to identify the 

spatio-temporal patterns that characterize team sports games as dynamical systems. 

 

 A Proposal to Fulfil the Gap of Theoretical Background on Notational Analysis 

 

Following the needs of Hughes and Franks (2004, pp. 86) who state “As far as 

the analysis of the tactical aspects of the game is concerned, there is a dearth of 

published research with regard to their theoretical bases.”  

We suggest the insights of Kauffman’s (1993) on biological settings that argue 

about the need of the process of entrainment. Like co-adapting components of any given 

dynamical system seeking to optimise their relative ‘fitness’ on an evolutionary 

landscape, each player in a rugby dyad can become dependent on what the other player 

is actually doing (e.g. dynamics of relative positioning; dynamics of running line 

direction), and also on what has been done before (e.g. whether there have been 

alterations to running line direction; whether he/she has been stopped; previous location 

on the field). The probability of a player to succeed depends on and is altered by the 

emergent behaviour of the other individual in the dyad. Over time, the players become 

systematically related in a dyadic system and, for example, a defender’s intentions do 

not make sense if separated from an attacker’s actions. This dynamical feature of 

performance on team sports, makes that decisions and action are constraining by the 

previous, and will constrain further decisions and actions. Discrete actions will only tell 

us “half performance history” not the entire one. In that line of reasoning the notational 

analyses should be based on continuous data series.  

Characterized as dynamical systems, team ball sports demonstrate complexity 

and metastability due to the potential for interaction among the system micro-

components or agents (i.e. performers) evolving over time (e.g. an attacker and a 

defender are two components of a dyadic system in 1 v 1 subphases) (Schmidt, O’ Brien 

& Sysko., 1999; Guerin & Kunkle, 2004; Passos, Araújo, Davids, Gouveia & Serpa, 

2006). The couplings that emerge between two opponent players are not stable, are 

constantly formed and broken. These functional dyads pointed to an emergent direction 

for research, on sports performance (McGarry et al, 2002). An essential stage in 

understanding team ball games as metastable, dynamical systems is to discover 

adequate measures that capture system complexity by identifying order parameters or 
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collective variables which describe the relationships between system sub-components 

(e.g., Kelso, 1995). McGarry et al stated “Identifying the order parameters in a given 

sports contest is fundamental if the system is to be described as dynamical” (McGarry et 

al, 2002, pp. 778).  The challenge is to specify the key variables essential to understand 

the collective sense of a dynamical system’s components, describing its structural 

organization and its stable states (Davids et al, 2006 a). Based on the data of the 

collective variables time series we identify dynamical systems properties (i.e. critical 

fluctuations, phase transitions, emergent states of order) on each sub-phase of the game. 

These properties allow us to characterize the interpersonal coordination patterns that 

emerge amongst system components (i.e. the players) at an ecological scale (Passos et 

al, 2006).  

 

The Gap in Notational Analysis – Beyond the “Patterns of Play” 

 

 Several authors (Pollard, Reep & Hartley, 1988; Ali, 1988; 1992) also in soccer 

used hand notation systems to record attacker’s individual actions such as, dribbling, 

short and long pass, goal, shot on target, interceptions, the purpose of this researchers 

was to search for patterns and styles of play, and how successfully each pattern was in 

influencing the match result. On the field hockey this line of analysis remains, video 

analysis and hand notation systems were used to recorded individual actions and players 

positions where were performed to characterized successful patterns of play (Hughes 

and Franks, 2004). One main question emerge: How it is possible to measure a pattern 

of play based on isolated actions performed by an attacker? Understanding sub-phases 

(e.g. 1v1) of a match in team sports as complex dynamical systems led us to a 

suggestion that a pattern of play can not be build on decontextualized (i.e. isolated) 

actions. On basketball, research has focused on the efficiency indicators of the game 

(e.g. two-point shots, three-point shots, assists, free throws, rebounds, turnovers, fouls, 

interceptions, ball steals). The aim was to identify what individual action variables and 

the frequency that happen during a game, that are present on teams with a more 

successful outcome. Performance was evaluated on competition settings and the results 

are a criterion to judge the quality of player or a team. Despite the huge importance of 

an outcome, this criterion is reductionism. We believe that the quality of a player or a 

team could be measure by the way that he/she solves the problems poised by the 

opponents for every specific sub-phase of the game, maintaining a goal direct behavior. 
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The statistical procedures used allow the researchers to identify what are the most 

discriminant variables (Mendes and Janeira, 2001; Cruz and Tavares, 2001); Tina, 

2001). The problem is that the variables were defined before the game and the analysis 

is just a registry of the frequency that each one of them happens. We suggest that this 

approach is quite paradox, it set the targets to be analyzed but also limits the scope of 

the variables to be analyzed, because the researcher was only focus on the set of 

variable previously defined, not being able to register other variables that could also be 

important to characterize successful teams.  

Despite the importance of this data, we found two issues to be discussed: i) the 

patterns of play were analyze without taking into account the opponent actions (i.e. the 

attacker is analyze without taking into account the defender and the defensive patterns 

are not taking into the account the attackers actions); ii) a team pattern (either attacker 

or defensive) of play is sustain on the percentage or frequency of individual and discrete 

actions. Discrete actions are not enough to define a pattern of play, because it’s simply a 

registry of the frequency of certain actions, it doesn’t explain why those actions happen, 

or in other words, it doesn’t describe how a team behave in order to produce successful 

actions. The paradoxes that seems to emerge here is: why to attend the defender if the 

goal is to study the attacker? As stated before and accordingly with the insights of 

Ecological Psychology all attackers’ actions are dependent of defenders and team 

mates’ actions (Araújo et al, 2002; Passos et al, 2006).  

On rugby union researchers such as Treadwell (1992) developed longitudinal 

studies that aim to create game models that allow to predict team collective actions on 

future games. A model aims to accurately describe what happen on every moment of a 

game. The problem is that the forty action variables used on this study has a numerical 

and discrete registry, not taking into account the game dynamics. On a Rugby match 

every collective or individual action will add new information to the game context, to be 

actively explored by the players influencing further actions, which in turn will add new 

information to the context. In summary, ongoing actions will constrain further actions. 

Additionally the frequency that the actions occur is context dependent, meaning that 

they can display an irregular (i.e. non-linear) periodicity. This feature led us to suggest 

that each game dynamics is unique. In that sense the predictive accuracy of the purpose 

model is quite questionable.  

Hand notation systems are very accurate but also very time consuming. A huge 

amount of time is necessary on the learning process, but also in processing a large 
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amount of data that must be transformed on a meaningful output to coaches and 

athletes. This methodological issue was reduced with the introduction of computerised 

notation with customizes keyboards that decrease the time expended on the learning 

stage. In addition the uses of real time analysis or post-event analysis in conjunction 

with video recordings allow an immediate and easy access to data. Accordingly with 

Hughes and Franks (2004) four major purposes of computerised notation have been 

delineated: i) analysis of movement; ii) tactical evaluation; iii) technical evaluation; iv) 

statistical compilation. Computerised notational systems gear a large amount of 

information to be stored in large databases. A further analysis of this information aim to 

formulate predictive models, this means models have the ability to predict the future on 

the basis of the past (McGarry and Perl, 2004), that search for causal relations that 

foretelling future outcomes. 

Due to a more easy and accurate method to collect data, the evolution that 

computerised notation brings was on the increase of the variables to be notated and the 

relation of this variables with the player position on the field, such as the work of Lewis 

and Hughes (1988), whom search for attacking patterns of play sustain on 37 individual 

action variables on 18 different pitch divisions. Despite the increasing on the number of 

variables to be notated a problem remains: there is no theoretical background that 

justified the criterion to choose a set of variables to be analyzed.  

One of the main critiques that we stated before was that hand notation systems 

search for patterns of play on team sports, without taking into account the opponents, 

even when it is assumed by the researchers that fluctuations that arise due opponents’ 

actions may require adjustments in the patterns of play of a team. With computerised 

notation systems some researchers (Hughes et al, 1988) attempt to fill this gap (Hughes 

and Franks, 2004). .A touch sensitive pad which permitted a pitch representation to be 

graphically accurate and action and player keys to be specific and labelled was used by 

Hughes et al (1988). This system enables an analysis of both teams’ actions related to 

match outcome, analysing patterns of play of successful and unsuccessful teams. The 

chosen criterion used by the authors was as follow, they considered successful teams 

those who reach the semi-finals of the 1986 soccer World Cup and unsuccessful teams 

those who were eliminated at the first round. The results revealed variables that are 

present on successful teams and are not present on the unsuccessful teams, such as 

“unsuccessful teams lost possession of the ball significantly more in the final sixth of 

the playing area, both in attack and defence.” From these results one main question 
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emerges: Why unsuccessful teams lost possession? We suggest that despite the 

importance of this data a truly interteam analysis (i.e. attacker defender interpersonal 

relationship) still needs to be done. 

Hughes and Williams (1988) developed a research on rugby union using a 

computerised notation system based on the same hardware previously used on soccer. 

The software to collect data was constructed with add of an international rugby coach 

who defined the most important variables to be recorded. This system was applied to 

notate five matches from the Five Nations Series. The aim of this study was to find 

differences on the patterns of play (sustain by the variables previously define) between 

successful and unsuccessful teams. The methods consist on an interteam analysis based 

on a comparison between the two playing sides for each match. The results reveal no 

statistical differences between successful and unsuccessful teams. Using expert 

knowledge to choose variables is a method uses nowadays on sport performance 

research. However despite some variables could be common to the majority of the 

coaches, this is always a highly subjective method, because what can be important for a 

New Zealand coach could not be so important for a European coach. The experts’ 

options regarding the variables are sustain on his experience and needs, not on any 

theoretical background. Moreover if we attempt to create a notational system that attend 

to an entire range of variables choose by experts we are building a system with so many 

variables that make it very difficult to be use. So our suggestion is follow a path in order 

to create a game analysis system with the minimum variables require to accurately 

describing what happens on each moment of a Rugby match.    

 

The Contribute of Notational Analysis to Tactical Knowledge 

 

Tactically we know from studies in basketball that winner teams try more often 

to score and are more efficient to shooting (Hughes and Franks, 2004).  

Mendes and Janeira (2001), obtained a very curious result, in basketball games 

with differences in the final score greater than points two points shots (an individual 

action) display a high discriminant power, however for final scores with differences less 

then ten points, the assists (a collective action that involve at least two players) is one of 

the variables with high discriminate power. This might suggest that collective actions 

are more powerful to break the balance (or the symmetry) of the interteam coordination.   
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Using an hand notation system in soccer Bate (1988) reject the concept of 

possession of football and concluded that to increase the number of scoring 

opportunities a team should tactically play the ball forward as often as possible, and 

play the ball into space as often as possible, however didn’t established any criterion of 

what to “play into space” means, or in other words how can an attacker take advantage 

to play into the space? 

An attempt to break with the notation systems based on discrete actions, and to 

finding a way on how to measure attacker-defender relationship on soccer  was made by 

Harris and Reilly (1988) in order to analyze the overall success of the attack  the authors 

record  three variables related with team strategy and the configuration of players 

around the point of action: i) the position of the attackers related to defence; ii) the ratio 

of attackers to defenders on each situation, and iii) the space between a defender and an 

attacker in possession of the ball. The conclusions state that successful attack was 

considered when the attacker passes a defender (i.e. a phase transition) and an 

unsuccessful attack occur due to a failure to use space effectively allowing a good 

organisation of defensive lines (i.e. maintain the system state of order). 

From the study of McCorry et al (1996) we can state that tactically it is desirable 

to play on the opponents last third, and to enter there a team should use running and 

passing skills. We argue that these are the skills that allow a team to break the defensive 

balance. Accordingly with the results of McCorry et al (1996) on team sport of Rugby 

running and passing are skills that attackers use to explore the space left available by the 

defenders. It seems that these moves are most critical variables to describe successful 

team’s actions than the “number of occasions” a team entered on the opponents last 

third. 

Despite the efforts made in the last decades the tactical knowledge that emerges 

from notational analysis on team sports remains under construction. Currently, it is 

possible to know the frequency and on which part of the field certain action (e.g. a ruck 

or a maul on rugby, a rebound on basketball, a pass on soccer) occurs, we also know 

that performing certain actions on certain areas of the field increase the probability of a 

successful outcome, however we don’t know why it happens, and what are the 

constraints that led the players to the decision of performing a certain action. The 

insights of Ecological and Dynamical Systems approach suggest that collective 

behavior such as a team performance should be analyzed as a whole in a specific 

context.  



Chapter II                                                            An Overview on Sport Performance - 15 

 

 Suggestion to Game Analysis 

 

In order to succeed on team sports it is desirable that a group of players usually 

act as a whole, not as individuals. The main reason to perform collectively is that as a 

whole a group of players can explore affordances that led to success that are unavailable 

as individuals. As stated by Hughes and Franks for a soccer match “structures and 

configurations of play should be considered as a whole rather than examined a piece at a 

time. Systems with many dynamically interacting elements can produce rich and varied 

patterns of behaviours that are clearly different from the behaviour of each component 

considered separately “(Hughes and Franks, 2004, p. 86). Additionally, McGarry and 

Perl suggest a description of sport contests based on systems whose behaviors subscribe 

to self-organization principles. The authors suggest searching for signature features that 

emerge due to couplings amongst system components, analyzing the tendency of the 

system to reorganize when become destabilise (McGarry and Perl, 2004).   

On team sports the players’ decision and actions are context dependent, meaning 

that are constraint by the neighbouring of team mates and opponents. A game is 

permanently evolving near the critical states (i.e. regions of self-organizing criticality; 

Bak, 1996), when interactions between team mates and nearest opponents (i.e. 

neighbourhood) can become correlated, in a type of domino effect, capturing global 

system interactions and leading to a abrupt decrease from several options to one (a 

sudden disintegrate in the critical state). Criticality affords new opportunities for 

behaviour which can fit recently arising circumstances of behaviour. In the critical state 

there exists an interdependency of action amongst system components, and a small 

change in circumstances characterising near neighbour interactions (i.e. attacker 

defender dyads in team games) will break the balance of equally poised options leading 

to a transition in system order. Therefore one main question emerges, near critical states 

in face of context dependency caused (i.e. constrain) by the neighbouring, how a set of 

players self-organize to perform a successful collective movement such as a ruck, a 

maul or a 2x1(two attackers for one defender) situation? Criticality due to context 

dependency it seems to be paramount. In the presence of others (i.e. team mates and 

opponents), how time and space is explored leading to phase transitions (i.e. changes in 

the structural organization amongst attackers and defenders) that characterized the 

dynamics of the attacker-defender system?  
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We finished with a statement of Franks et al “if it can be measured – it is fact, if 

it cannot be measured – it remains opinion” (Franks et al 1983b, p.77 in Hughes and 

Franks, 2004, p. 82) 

These ideas from the natural sciences have important implications for modelling 

the dynamics of attacker-defender dyads in team games since the adaptive positioning 

and movements of individuals will clearly be connected in diverse ways over time.  

 

 

References 

 

 Ali, A.H. (1988). A statistical analysis of tactical movement patterns in soccer. 

In T. Reilly, A. Lees, K. Davids and W. Murphy (eds), Science and Football. London: 

E&F Spon. 

 Ali, A.H. (1992). Analysis of patterns of play of an international soccer team. In 

T.  Reilly (Ed.), Science and Football II. London: E&F Spon. 

 Bate, R. (1988). Football chance: tactics and strategy. In T. Reilly, A. Lees, K. 

Davids and W. Murphy (eds), Science and Football. London: E&F Spon. 

Cruz, J. and Tavares, F. (2001). Notational analysis of the offensive patterns in 

cadet basketball teams. In Hughes, M. D., and Tavares, F. (eds) Notational Analysis of 

Sport – IV, Cardiff: UWIC, 112-119.  

Guerin, S. & Kunkle, D. (2004). Emergence of constraint in self-organizing 

systems. Nonlinear Dynamics, Psychology and the Life Sciences 8, 131-146. 

Harris, S. and Reilly, T. (1988). Space, team work and attacking success in 

soccer. In T. Reilly, A. Lees, K. Davids and W. Murphy (eds), Science and Football. 

London: E&F Spon. 

Hughes, M. and Williams, J. (1988). The development and application of a 

computerised Rugby Union notation system. Journal of Sport Sciences, 6, 254-255. 

Hughes, M. & Franks, M. (2004). Notational Analysis of Sport. London: 

Routledge, Taylor & Francis. 

Kauffman, S. (1993). The Origins of Order. Self-organization and selection in 

evolution. NY: Oxford University Press. 

Lewis, M. and Hughes, M. D.(1988). Attacking play in the 1986 World Cup of 

Association Football. Journal of Sport Sciences, 6, 169. 



Chapter II                                                            An Overview on Sport Performance - 17 

McGarry, T., Anderson, D., Wallace, S., Hughes, M. and Franks, I. (2002). 

Sport competition as a dynamical self-organizing system. Journal of Sport Sciences. 20, 

771-781 

McGarry, T., & Perl, J. (2004). Models of Sports Contests-Markov processes, 

dynamical systems and neural networks. In Hughes, M. & Franks, M. (Eds.). Notational 

Analysis of Sport (pp. 227-242). London: Routledge, Taylor & Francis.  

McCorry, M., Saunders, E.D., O’Donoghue, P.G. and Murphy, M.H. (1996). A 

match analysis of the knockout stages of the 1995 Rugby Union World Cup. World 

Congress of Notational analysis of Sport III, Antalya, Turkey.  

Mendes, L. and Janeira, M. (2001). Basketball performance – multivariate study 

in Portuguese professional male basketball teams. In Hughes, M. D., and Tavares, F. 

(eds) Notational Analysis of Sport – IV, Cardiff: UWIC, 103-111. 

 Passos, Araújo, Davids, Gouveia & Serpa (2006). Interpersonal Dynamics in 

Sport: The Role of Artificial Neural Networks and Three-dimensional Analysis. 

Behavior and Research Methods. Vol. 38, No. 4, 683–691. 

 Pollard, R., Reep, C. & Hartley, S. (1988). The quantitative comparison of 

playing styles in soccer. In T. Reilly, A. Lees, K. Davids and W. Murphy (eds), Science 

and Football. London: E&F Spon. 

 Schmidt, R.C., O'Brien, B. & Sysko, R. (1999). Self-organization of between-

persons cooperative tasks and possible applications to sport. International Journal of 

Sport Psychology. 30, 558-579. 

Starkes, J., Helsen, W. & Jack, R. (2001). Expert Performance in Sport and 

Dance. In R. Singer, H. Hausenblas, C. Janelle (Eds.) Handbook of Sport Psychology 

(2nd Ed.) (pp. 174-201). Chichester: John Wiley. 

 Treadwell, P.J. (1992). The predictive potential of match analysis systems for 

rugby union football. In T.  Reilly (Ed.), Science and Football II. London: E&F Spon. 

 

 

 


